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FORMS OF CRYSTALS, 
PARTICULARLY THOSE or 
THE 8PATHACEOUS KIND. 
| — 5 | — — = 

8 1. Infinite Pariety of the Forms of Cryſtals. | TREE. 
8 are bodies which, though 


nally reſemble geometrical figures, more 
or leſs regular, If we attend to the numerous 
collections of theſe, we ſhall be ready to conclude, 
that nature has effeQually eluded our reſearch 
by the infinite variety; for frequently bodies 

widely differing in their nature and properties 

reſemble one another in figure; and, on the con- 
trary, thoſe which are exactly alike in properties 
put on external appearances entirely different; 

. Tk | yet, 


2 deſtitute of organic ſtructure, yet exter- 
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yet, upon a careful examination and compari- 


- ſon of this variety of figures, we ſhall find, that 
a great number of them, though their ſurfaces - 
differ with reſpect to their angles and ſides, may 
be derived from, and referred to a very ſmall 
number of ſimple figures. 


Unleſs thoſe figures, which are not improper- 
ly called primitive, be thoroughly inveſtigated, 
the whole doctrine of cryſtallization will {till con- 
tinue to be, as it has been heretofore, a perfect 
chaos; and thoſe who undertake the deſcription 
of methodical diſtribution of cryſtallized bodies, 
will inevitably loſe their labour. For a ſeries 
of years 1 have conſidered this intricate ſubject 
with much attention; and I hope that my ef- 
forts have not been altogether void of ſucceſs. 
I proceed to exhibit ſome ſpecimens chiefly from 


the order of ſpathaceous cryſtals, and ſhall then 
endeavour to explain (as far as can be done 
upon a plane ſurface) how the ſpathaceous cry- 


ſtals, ſuitably. agglutinated together, may form 


the great variety of diſſimilar bodies which are 
to be found N ads ae | | 


* 


J II. eri Figures derived from the oe 


nn n 


| The calcareous ſpar, as is well known, con- 
fiſts of a tefſera, or oblique parallelopiped ; all 
whoſe planes are rhombi of ſuch a kind, that 
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the obtuſe angles are equal to 10122,” and the 
acute to 784%. Let us now ſee how, by a pro- 


per accumulation of ſuch ſimilar parallelograms, 
cryſtals 8 The® molt ben beg —_ "Op be ge. 
nera ted... 

(A) Let A0 EG o, hg. 1. tab. 1. "guts A 
ſpathaceous nucleus, through "whoſe oppoſite 
angles, D o, the axis H o paſſes ; let us ſuppoſe, 
that contiguous rhombi are applied to this, a- 
bove and below; and that theſe rhombi- are e- 
qual, ſimilar, And perle to the ſubjacent planes 
of the nucleus; theſe, to avoid confuſion in the 
figure, we ſhall only repreſent by the rhombi 
MP, M O and Mr, which will be ſufficient for 
thoſe who are . in enen and nene 


F 


tive. oQoly n 0. 


By this method an W priſm is gene- 


rated, conſiſting of ſix equal and ſimilar paral- 
lelograms, and terminating at both ends in three 


rhombi, which unite, and form a ſolid angle. 
This form of cryſtallization belongs to ſome of 
the calcareous tribe, but more particularly to 


ſchoerls ; it is therefore called the e 
form. 

() If the accumulation of the planes is ſtop: 
ped when the ſides of the priſm have acquired a 


rhomboidal nature, we ſhall have a dodecaedron 
included by rhombi : this is the uſual form of 
e when perfect. . 


(o) The garnetic form is eaſily cha ged into 
1 A 2 | another, 
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another, viz. into that in which the hyacinth 
often preſents itſelf. This is effected by the re- 
gular application of equal and ſimilar rhombi to 
each of the ſolid angles, which are compoſed of 
four planes; for the garnet has ſix ſuch, when - 
complete as to figure, and eight with three ſides ; 
let fig. 2. be conſulted, where the dotted lines 
expreſs the geneſis of the priſm more intelligibly 
than words can poſlibly do. In this operation 
the four rhombi are changed into an equal num- 
ber of oblong hexagons: L HAB into LHha 
| bs, &c. &c. &. 3 

(.) Sometimes planes are applied, ſimilar in. 
_ deed to the fundamental planes, but decreaſing 
according to a certain law ; this decreaſe, whe- 
ther owing, as is moſt probable, to a deficiency 
of matter, or to ſome ather cauſe, muſt neceſ- 
ſarily change the appearance of the terminating 
planes, and occaſionally either augment or di- 
miniſh their number. Let us now return to 
fig. 1. Suppoſe ſimilar planes, but continually 
_ decreaſing, (Mp, M q, Mt), applied to the in- 
ternal nucleus, theſe will ultimately end in an 
apex on both ſides ; ſo that, inſtead of a priſm, 
we ſhall have a double pyramid, one tending 
- upwards, the other downwards: At the ſurface 
the planes which meet form interſections or 
common baſes, whoſe angles alternately tend 
upwards and downwards, as is ſhewn by G b 
ACBG: this is the form of the calcareous cry- 
ſtals, 


” 
[1 
8 


_ which are called by the miners fig oon 


you (dentes ſuilli.) 

It is evident, that the axes of the ads : 
are the longer, in proportion as the rhombi de- 

creaſe more ſlowly, and the contrary. | 

If the decreaſing ſeries is ſtopped before the 
n ſides of the accumulated planes vaniſh, 
truncated apices will be generated; of which 
frequent examples occur. _ 

In the calcareous pyramidal cryſtal juſt de- 
ſcribed, if the dorſal margins AH, BH, or FH, 
be cautiouſly ſtruck, they break off into ſpatha- 
ceous teſſeræ; but this is not the caſe with the 
alternate margins o H, E H, and 6 n, which it 
is ſcarce poſſible to bring to that ſtate: the rea - 
ſon is evident; in the former caſe, the direction 
of the blow is parallel to the accumulation of 
the planes; whereas, in the latter, it meets the 
interſection of two planes. This property alſo 
obtains in the lower pyramid, with this diffe- 
rence, however, which neceſſarily reſults from 
the very ſtructure, namely, that the margin 4 1 
muſt produce a directly oppoſite effect from the 
margin AH; and the fame is true of the reſt, 
mutatis mutandirt. 

(z) Frequently, alſo, the 1 planes 
themſelves are imperfect; if, in this caſe, planes 
ſimilar to them be added, forms of cryſtals muſt 
be generated more or leſs unlike the perfect 
form. Examples of this are very numerous; 

25 h de 
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but In this place it will be er rely to 
TE a few. (UL 
Let ABC DE y d, fig. 3. er ha . 


rhombi which conſtitute the apex of a perfect 


ſchoerlaceous cryſtal; let us now ſuppoſe the 


rhombus à & truncated in the direction of the 


line a b; c along cd; and x O along ef. 


This being the caſe, the regular hexagonal fi- 


gure of the priſm A B DEF is changed to an 
irregular one, a bod pef v, conſiſting of 
nine unequal ſides, whoſe apex is compoſed of 
three irregular pentagons, a bg o r, cd DB, 


and e fy 6D. I have now in my poſſeſſion cry- 


ſtals of this form, both calcareous and ſchoerla- i 
eeous: to this claſs may be referred, in gene- 


ral, the rough turmalins, particularly thoſe of 


Tyrol and Ceylon, of which we ſhall 0 more 
expreſsly (a) hereafter. | 

It is obvious that pentagonal hes: a bs 8 
oer approaches more nearly to triangular, in 
proportion as the diſtance between a b and B 
grows leſs; the ſame is true of the reſt: and, 
when theſe diſtances become evaneſcent, a tria- 
gonal priſm is formed, terminated by three tri- 
angles: if the cutting line a b, cd; ef, ap- 
proach ſtill nearer to the center o, and *qually, 


the form {till remains the ſame. - 


(r) The garnetic figure may be conceived as 


that of an hexaedral priſm, terminated at each 


| 7 Ek end 
(za) De Terra Tormalini, 


* 


1 = 
« — 
» - * 


end by three rhombi, meeting at the apex; and 
it may be compoſed of four equal ſpathaceous 
teſſeræ properly adapted: I have already men- 
tioned its geneſis (3); and its form is maxxed 
by the capital letters in fig. 4. If now, in the 
place of complete rhombi, we ſuppoſe. accumu-. 
lated in the ſame manner about its axis others, 
. whoſe three external angles are truncated, or, 
Which is che. ſame thing, if the longitudinal mar- 


gins of the priſm be cut by planes parallel to 
the axis, a dodecaedron will ariſe, conſiſting of 


pentagons, which are indicated in fig. 4. by the 
ſmall letters. Calcareous cryſtals of this kind 
ſometimes occur, but they are generally ſo low, 
that e nearly coincides with a, c with d, &c.; 

ſo that the pentagon a be d e becomes almoſt of 
a a triangular figure, which is the figure attri- 
buted to them by ſome authors, who are igno- 
rant of their true nature. Among the pyritacea 

. we may ſometimes obſerve inſtances of this va · 


riety complete n 


Sometimes all the ae of he gardet are 
truncated, fo that the number of including ſides 
| Increaſes to , twenty-four oblong hexagons'; a 
change which may eafily be derived from the 
poſitions already laid down. If the interſection 
c d, of the planes e c and c r, falls without the 


plane Bs, a figure of a 8 different kind will 
be generated. 


* 
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though they have the appearance of the latter. 


„ OF THE FORMS OF CRYSTALS 
(e) The hyacinthine figure (art. c.) alſo 


ſometimes labours under defects peculiar to it- 


ſelf. - I ſhall mention one very remarkable vari- 
ety which is met with in Hartz mines (): there 
the cryſtals ſometimes appear of a cruciform fi- 
gure (4BCDEFGHIK L A, fig. 5.); the 
apex Is at o, the figure A % bea is all in the 
ſame inclined plane; and that is the caſe with 
the other three homologous figures. Now, in 
order to inveſtigate the primitive form, let the 


rhombĩ cn, co, c e, and c Q be completed, 


there, to an eye placed high in the axis, paſſing 
through o, will appear like ſquares ſituated in 


the ſubjacent plane, and we fhall have the rudi- 


ments -of this hyacinthine figure : for we may 


alfo conceive the granite form as a quadrangu- 


lar priſm, compoſed of four rhombi, touching 
one another only in their apices, and terminated 
at each end in four rhombi, meeting at the a- 
pex. This form, if a little protracted, or, what 
is the ſame thing, encreaſed, by applying to the 
apices ſimilar and equal planes, becomes the hy- 
acinthine form, and therefore may without im- 
propriety be denominated the rudiment of it. 
() If the added planes be ſimilar to one an- 


other, but not ſimilar to the fundamental planes, 
prodigious varieties will ariſe from hence; but 


I 
(a) F. Ehrhart, that unwearied obſerver of nature, 
ſent me ſome of theſe: they are ſiliceous, not calcareous, 
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I think. it unneceffary, at preſent, to multiply 
examples, as what has been already faid, if well 


— underſtood, will be found abundantly ſufficient 
to ſhew how, by a plain and ſimple method, 
EW bc repent Gras 


mitive form. 
h r nxhy dai nega a ks 


purely geometrical and ſpeculative, let him care- 


fully examine the s, the looſe 
texture of which, if cautioully and ſxilfully bro 
ken, will completely ſhew the internal ſtruc- 
ture (c): as to the harder cryſtals, endowed 


with the forms above mentioned, their parts co- 


here fo ſtrongly that they can ſcarcely be bro- 


ken: the ſchoerls exhibit the ſpathaceous tex» 


ture very plainly; and there is no doubt, but 


the garnets themſelves are compoſed. of lamel- 


lae, as will readily appear to an attentive eye. 


(x) Finally, we may add one peculiar obſer- 
vation concerning priſmatic and hexagonal cal- 


careous cryſtals, truncated perpendicularly : fuch 


fometinges occur, and they cannot derive their | 
origin, in the manner above deſcribed, from the 
ſpathaceous particles, and by no other way can 


hexagonal priſms be generated : what then is 


the cauſe which deſtroys their apices? I con- 


teſs this to be a queſtion which I am wholly un- 
able 


(c) My pupil, Dr Gahn, firſt obſerved the central nu- 


dleus in pyramidal calcareous eryſtals. 
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able to e F Wale we may ads an accu · 


mulation of planes, more and more deficient 
around the axis. We may from hence con- 
clude, that ſomething unuſual occurs, as the 


rious apices: we 
dral, cruciform, and other very different figures 


truncated extremity is opaque, vhile the reſt of 
the priſm is tranſparent; but the — hexas 
gonal ſection is ſinvoth and poliſhed. 

(1) We have ſeen, then, priſms of 3 3 
e nine , beg terminated by va» 


ave ſeen pyramidal, dodecae- 


generated from the ſame ſpathaceous form: be- 


ſides, we ſhall obſerve, that theſe almoſt all oc - 
cur, though the nature of the ſubſtance remains 
the ſame; and from thence we ſhould be indu- 
ced to put but little confidence in figure. If 


then this teſt, which undoubtedly is the moſt 
remarkable, ſo far as externals reach, is of ſo 
little uſe, of what value can the others be? and 


with what ſucceſs can we hope to form a ſyſtem 


of mineralogy upon ſuch diſtinctions? Exter- 


nal criteria ſhould certainly not be neglected; 
but he who truſts implicitly to them deceives 


b ent they may, to an experienced obſerver, 


Vield ſome aſſiſtance, but can never ſerve to de- 
termine his e q ii 


* 


( 
„ 


Muy 4 423 


§ ul. Struc- 
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Py "3 WF$.3 N 
"Su 111, Sadr 1 the eee Parts 
0 as 90 dar a 40 of Wrede may be b. 
duced by the ſpathaceous particles accumulated 
in different ways, it is probable that the diffe- 
rences of all cryſtals, with reſpect to externals, 
are owing to varieties in their mechanical ele- 
ments. But here a queſtion may properly be 
ſtarted, —whether the moſt minute molecules, 
and as it were the ſtamina, are naturally poſſeſ- 
ſed of a determinate angular figure, or whe- 
ther they firſt acquire it during cryſtallization? 
In anſwer to this queſtion, I beg leave to men- 
tion ſome circumſtances which nnn to me 
in the courſe of obſervation. g 
(A) If the ſmall particles which ebene from 
lime. water, when expoſed to the air, be inſpec- 
ted with a WF ed bee will de W em 
thaceous. - 25 age 
--(B) The greater pater 0 n when ac- 


by „ 
22 


curately examined, are frequently found with 


ſtriæ running diagonally, (fuch as we ſhall here - 
after find appear in ſaline cryſtals), wang 1 
cover their internal ſtructu re. 

- (c) The cubes of common ſalt not N ex- 
- hibit diagonal ſtriæ, but frequently, upon each 


a ſide, they ſhew ſquares parallel to the external 
ſurface, and gradually decreaſing inwards, (fig. 
6. ); circumſtances which ſhew the veſtiges of 
FE 1 4 brd - their 
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their internal ſtructure: for every cube is com- 
poſed of ſix quadrangular hollow pyramids, 
joined by their apices and external ſurface; 
each of theſe pyramids filled up others ſimilar, 
but gradually decreaſing, completes the form. 
By a due degree of evaporation, it is no diſſicult 
matter to obzain theſe pyramids ſeparate and di- 
ſlin&, (as in fig. 7.), or fix of ſuch, either ho 
low, or more or leſs ſolid, joined together round 
a center: this is the whole courſe of the opera - 
tion, from beginning to end. All this is true 
of the falited vegetable alkali, commonly called 
fal digeſtivus Sylvii z of the cryſtallized luna 
cornea (d); of the galena, or ſulphurated lead, 
which-is frequently to be generated at Fahlun 
in the heaps, roaſted, as it is called fub dio fri- 
gido ; quadrangular nitre too, which is of the 
ſpathous form, produces a ſimilar congeries of 
pyramids, and theſe almoſt equally diſtinct with 
the preceding Cubic cryſtals. A ſolution of 
alum, upon evaporation, does generally pro- 
duce folid octaedra; but ſometimes it alſo ex- 
hibits hollow pyramids, and upon ſuch of them 
as are complete the junctures are very n 
marked by conſpicuous lines. 

() Sometimes, too, other ſalts indicate as 
_ fame conſtruction by viſible diagonals. The 
Rochelle ſalt forms an hexagonal priſm ; a ſec- 
tion of which ee 8.: when pd 
ia c. . e vom Barner 
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kind of eryſtal is complete, the manner of ar. 
tirely unknown; but, when the cryſtal is form- 
ed on the bottom of the veſſel, the lower ſide 
cannot be perfect, (fig. 9.); and this parallelo- 
gram exhibits two diagonals diſtinctly, (fig. 10.) 
This is alſo the caſe with the ſalt extracted from 
human urine, which is called microcoſmic falt : 
beſides, we ſhould obſerve of the vertical tri- 
angles, that they are alternately tranſparent and 
opaque in pairs; which plainly points out a dif- 
ference in the ſituation of their elements. 1 
have alſo ſome cryſtals of nitre marked with di- 
agonals, a circumſtance which in others is ge- 
nerally concealed by the cloſe connection of the | 
particles. 

(n) If we . che hollow pyramid of 
common falt farther, we ſhall find it compoſed 
of four triangles, and each of theſe formed of 
threads parallel to the baſe ; which threads, up- 
on accurate examination, are found to be no- 
thing more than ſeries of ſmall cubes : there- 
fore, although the above circumſtances ſeem 
plainly to point out the geneſis of all cryſtals, 
from the union and coheſion of pyramids, whoſe 
ſides, being different in form and magnitude, 
_ occaſion the differences of forms; it yet remains 

uncertain whether the ſame internal ſtructure 
takes place in thoſe whoſe minuteneſs renders 
them totally inviſible, and whether the primary 
| h ſtamina 
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ſtamina poſſeſs A determinate figure, or are com- 
poſed by the union of many ſhapeleſs particles. 

We have long known that the ſmalleſt concre- 
tions which are viſible by the microſcope, poſ- 
ſeſs a determined figure; but theſe are com- 
pounds: in the mean time, until this veil is in 
ſome meaſure at leaſt removed, we cannot avoid 
comparing the proceſs of cryſtallization wath the. 


congelation of water.. ä | 


While the watery particles are concreting 


they exert a double tendency; by one of which 
they are formed into ſpiculæ, by the other theſe 
ſpiculæ are ranged in ſuch a manner, with re- 


ſpect to one another, as to form angles of 60: 


from hence the varieties obſerved in the parti- 


cles of ſnow may be eaſily explained. The moſt 
ſimple figure is that where ſix equal radii di- 
verge from a center, in the angle above men- 


tioned, (fig. 11.) (e); the ſame angle will be 


preſerved, if the extremities of theſe be joined. 
by right lines; which will-alſo be the caſe, if 
each of the triangles, thus formed, be filled with 


75 right lines parallel to the baſe, fig. 12. I have 
alſo ſeen. hexagonal. ee in e . this 
by the bye. | 


Let us now 1 the mich which are 


employed i in cryſtallization endowed with a ten- 
dency to form ſpiculæ, and theſe ſpiculæ with 
a tendency to arrange themſelves at equal angles 


280 . > ” . 
8 4. « (hg * » 4 , . * „ 
1 FS © * o e oo; , Cw 4 
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(e) Mairan on Ice. 
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of inclination, and we ſhall have both Ss tri- 


angles and the pyramids compoſed of them, 5 
even although the primary ſtamina had not a 


determined figure; as the angles of inclination 


vary, the triangles and pyramids will alſo vary; _ 
and hence the different forms of cryſtals will be 
produced, which may to a certain degree be 
inveſtigated geometrically, * Wa 8 5 | 


given. Eee . 
Me have lde ſuppoſed the MEFS cun of: a 


double tendency, becauſe the effect ſeems to be 


twofold; but both theſe effects may undoubted- 


17 be | owing to the ſame- cauſe, namely, to a 
mutual attraction between the particles, which, 


according to various ſituations and peculiar 
figures of the atoms, at one time arranges them 
in the form of ſpiculæ, again connects the ſpi- 
culæ already formed under equal angles of in- 


clination. I conſider the mechanical elements 
as exiſting under determinate and peculiar fi- 


gures, as, upon any other ſuppoſition, I find it 


impoſſible to aſſign a cauſe which ſhould ar- 


range different ſubſtances under different angles, 


and yet preſerve theſe angles always conſtant in © 
the ſame ſubſtance. But I do not , wiſh to ex- 


amine this conjeCture any further, though it ap- 
pears to me to be probable ; becauſe powdered 
reſin, which muſt doubtleſs conſiſt of particles 


of a great variety of forms, when ſprinkled on 
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1 the that the particles May be W 
by the power of attraction, into determinate 
 Iymmetrical forms, it is neceſſary that they 

mould be at liberty, and very eaſily moveable. 

| The beſt method of obtaining this end is to im- 

| merſe them in ſome fluid of nearly the ſame 
Ef | ſpecific gravity with themſelves (g): this may 
„ be done in three different ways; 1. by water; 


* 


could be obtained. 22 55 MY 
But it 4s ot ay Sis sRtually diſſolred in 
Water that they acquire determinate forms; this, +«« 

unleſs I am miſtaken, is alſo the caſe when they 

are ret r pn and mixed with 
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e 2. by a liquefying heat; 3. by a volatilizing 

111 heat. Theſe we ſhall conſider in order. 

1 () The moſt common method of cryſtalli- 

= ing is by means of water, as it eaſily takes up 

. . 5 ſaline matters, and, upon being ſufficiently dimi- SI 

Ft 1 b niſhed by evaporation, yields them again in * — 

KY concrete ſtate; nay, until now, it has been 
| | thought, that ym 1 n no e — 


(Y Licktenberg firt obſerved theſe reſinous ſtars. 
(g) Morveau Digreſfſ. Academiques, 
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it: for ſubſtances not ſoluble in water will yer 


remain ſuſpended in it, if by ſufficient diviſion 
they have acquired ſo great a ſurface, in pro- 
portion to their maſs, as to approach the ſpeci · 
fic gravity of the fluid: now ſuch particles 
doubtleſs poſſeſs attraftion, they alſo poſſeſs the 


_ neceſſary degree of mobility ; no reaſon there» 


fore appears why they may not form cryſtals. 
And it ſeems highly probable, that many of the 
earths which occur in the mineral kingdom 
ſymmetrical and of a regular form; hore ca · 
leſced in this way. — 

A mechanical mixture and a true lotion | 
ſhould be carefully diſtinguiſhed, although they 
agree in weight. In the former caſe, the parti - 
cles, if collected and laid upon the bottom of 
the veſſel, will remain there, unleſs diffuſed by 
agitation. A ſubſtance which is ſoluble, on tha 


contrary, is totally and ſpontaneouſly diſtributed 
through the menſtruum, even without any agis 


tation; though the operation is ba cs acoales 
n by agitation, 

() Cryſtals may dagen be obtained by | 
fuſion end flow cooling: the matter of heat, in 
ſufficient quantity, penetrating ſolid bodies which 
are not organie, ſoftens and liquifies many of 
them; for, when it penetrates' and looſens the 
texture of the maſs; it communicates mobility 
to each of them; ſo that upon ſlow refrigera- 


tion they are in a condition to obey the laws of 


; Vo. II. B tat 
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that attraction which tends to arrange them in 
a regular manner: thus ſulphur, when melted 
and cooled, exhibits ſtriæ, and; at the ſame 
time, acquires an electrical property: Biſmuth, 
zinc, and regulus of antimony, acquire a fort of 
teſſellated appearance; nay, the laſt of theſe, 
when ſet to cool in a conical mold, becomes 
ſtellated, not only on the upper ſurface or baſis 
of the maſs, but along the whole axis. Glaſs, 
if melted and flowly cooled, forms beautiful cry- 
ftals (D. I have taken the ſcoriæ from furnaces 
where iron was fuſed, by the addition of a cal. 
eareous ſtone,” and have ſometimes found them 
of a regular priſmatic figure. When crude iron 
is melted with lime, I have Tung ape oc- 
taedra in the ſcoriæ. 

In large metallic maſſes, ſuch e as are 
difhcult of fuſion, the lower particles are gene- 
rally ſo much preſſed by the weight of the ſupe - 
rior, that they ſhew no ſigns of cryſtallization, 
although on the upper ſurface of gold, filyer, 
iron, and others, beautiful cryſtals are formed. 

It will perhaps be thought extraordinary, by | 
thoſe who have not well weighed the matter, 
that I ſhould refer the congelation of water to 
an operation of this ſort; but we muſt conſi- 
der, that it is by means of the matter of heat 


that water is fluid (i); and that when this mat - 


ter 
05 Keir, Phil. Tranſ. for 1976. | 
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ter is diminiſhed to a certain degree, it eryſtalli· 
zes and becomes ice. We have before ( lit. 
x.) compared congelation to cryſtallization: in 
this e we ſhall add another mark of 1eſems 8 
blance. n | 
Snow or aha; ny into 1155 watth, 671 its (oli: 
tion abſorbs a quantity of heat equal to 725 of 
dur thermometer. The cryſtallized neutral falts 
produce the ſame effect, that is, they make the 
water colder, although the ſalts and the water 
had been kept in the ſame place for many days: 
for by diſſolving they acquire a larger ſurface, 
and, by that means, are able to take up and re- 
tain a portion of the matter of heat; which, be- 
ing fixed, loſes its power of yeatian, and conſe- 
quently the thermometer ſinks when put into 
the water. Hence it follows, on the other hand; 
that the heat ſhould be increaſed during cryſtal= 
lization; and this increment is eaſily obſervable 
when a large quantity concretes at once: In 
concreting the ſurface is diminiſhed ; hence, ſo 
great a quantity of the matter of heat cannot be 
retained: What is ſuperfluous, being ſet at li. 
bends recovers its property of heating, which it 
e "accordingly 


be A Aiſtinguilhed + Phlogiſton, combined with 
pure air in a certain proportion, conſtitutes the matter of 
| Heat: Fire is the adion by which à proper body is de- 
prived of phlogiſton, by means of pure air, with ſuch 
yehemence as $ to > ons not only heat, but flame. 
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accordingly exerts, and that i in proportion to its 
er. 
(c) Heat not de liquefies but volatilizes 


certain bodies. The material cauſe of heat pe - 


netrates the integrant parts, expands, attenu-» 


ates, and, by its union with them, renders them 


ſo light, that they mount in the air. Particles, 


after undergoing this proceſs, when during 


cooling they are ſufficiently at liberty, often 
obey the laws of attraction, and form cryſtals. 
To this claſs we may refer thoſe which are con- 


denſed from the vapours of regulus of antimo- 


ny, called the flores argentini. The galena, 


which is frequently interſperſed among the cop- 


per ore, at Fahlun, from the heaps which are 
there roaſted without heat, ſends forth a vapour 
which condenſes on the upper ſtrata, forming 
hollow pyramids, which form the baſes of the 
cubes of galena, entirely funilar t to thoſe which 
mel common ſalt. 

In the heaps of ore of arlenic which are ex- 
aofed to the fire at Loefa, I have collected ex- 
tremely beautiful white, yellow, and red cry- 
ſtals, partly tetraedral, partly octaedral. Some 


of theſe exhibit hollow pyramids, whoſe ſides 


_ conſiſt of threads parallel to the baſe, preciſe ly 
in the ſame manner as the cryſtals formed in 


the humid way, ($ ut. E.); fo that, through 
the whole proceſs of cryſtallization, a mecha- 


niſm every where the ſame, and analogous to 
Ccryſtallization, 
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cryſtallization, ſeems to. be employed. Nor let 
any one imagine that theſe are to be conſidered 
as monſtrous productions, which throw no light 
upon the theory of cryſtallization ; for theſe 


. cryſtals, when complete, frequently ſhew the 


junctures of the pyramids, by very diſtin& lines; 
and, by proper addreſs, we may be able to ſee 
the proceſs through its various ſteps, from the 
firſt rudiments to the completion of the whole 
operation. If this ſtructure, as is very proba- 
ble, takes place in all, yet it will not contradict 
what has been already ſaid concerning the 
ſpathous form, as elements of the ſpathous fi. 
gure, properly applied, may 1 9 form pyra- 
mids fit for this purpoſe. 

A priſm of any kind may be formed by: the 
| apices of proper pyramids meeting together in 
proper number round the ſame point ; and the 
| apex may alſo be formed by a fingle pyramid, 
its vertical angle being turned outward. Thus 
a four-fided priſm, with fimilar apices, may a- 
riſe in many ways. Thus to the cube, indica- 
ted by the letters A B C , fig. 15. let there be 
applied on each fide the quadrangular pyramids 
ABE, and or; and we ſhall have the priſm 
required. In this way common falt ſometimes, 
though very ſeldom, acquires an apex (D. Let 
us — applied to one or enn apices of the 

ö 5 3 The 6 een. 
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don wo. b. fig. 16. a hollow pyramid 
ad b, but ſimilar and equal to the fundamental 
'* fizure; and the ſame figure will be produced: 
however, I muſt confeſs, that J have never ſeen 
alum priſmatic, though often conſiſting of octae- 
dra imperfectly joined, fig. 17. A four-fided 
pyramid may be compoſed of four tetraedra, and 
conſequently a cube of 24; and it has alfo a 
double apex of 32. Thus we have a new con- 
ſtruction, which undoubtedly ſometimes taxes 
place; for, as I have already ſaid, arſenical cry- 
ſtals take ſometimes the tetraedral, ſometimes 
the octaedral form, which may therefore eaſily 
be mutually changed. . ,- 

8 It is with leſs facility that hexagonal. Pritt 5 
are formed of ſuch pyramids as have the ſame 
number of ſides, unleſs tetraedral be admitted. 
In fig! 18. four hexagonal. pyramids and ſix te- 
tragonal meet; the firſt are eaſily reſolved into 
fix, and the latter into four tetraedra, (ſig 19.); 
forty eight of which conſequently make up the 
whole maſs, ſuppoſing this to be the method fol- 
lowed by nature. I have no doubt that this 
conſtruction is probable, on many accounts; 
for /it requires only the moſt ſimple elements, 
and ſuch as are conformable to the figures of all 
eryſtals. That tetraedra, adapted to this pur- 
poſe, have ſometimes diſſimilar and unequal 
ſides, makes not againſt the ſuppoſition: but 
what i is os to 55 ae. is, that ſometimes 
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ſach terranita. are employed 1 the {mall- > > x 
eſt doubt. All theſe. circumſtances. are of no 78 = 

. {mall weight; but ſo long as no traces of te- 
traedra are to be found among the pyramids of 


; common ſalt, the laws of ſound reaſoning for- NS 
1 bid us to draw any general concluſion: it un -: £ 
* better to purſue actual obſervations than fictions, | 


however, ingenious: better cautiouſly to exa- 
mine the myſteries of nature, than baſtily and Log 
preſumptuouſly to decide. I am perfectly cer- e 
' tain, that nature does frequently employ pyra- 
mids in this operation: it remains for future 
experiments to determine whether this be al- 
ways the caſe, &c. I have been intent upon 
the mechaniſm of the concretion during a very 
aſſiduous examination of ſalts. I have related 
the principal phaenomena which appeared, and, 

j at the ſame time, have interſperſed various ob- 
ſ ſervations, wiſhing that more ſagacious obſer. 
| vers may hereafter completely diſcover. the ſy. ' 
ſtem of corpuſcular attraction, which is partiſu. 


larly obvious, and as it were rade, in cry ſ. 
tallization. 


| $1 v. Whether Confalinatin gear, ple the 
2 | Nan of a Salt 


. Some of wh; moderns, conſidering that many 
ſalts affect an angular form, and frequently one 
el a anden and permanent kind, ſuppoſed this 
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Arangulat nitre, which are formed by the ſame 
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property to | belong. exeluſively to ſalts 4 and, 
when they met with any bodies ſimilarly figured, 


they attributed this figure to a falt which they 
ſuppoſed concealed in that body. What judg- 
ment we are to form of this opinion, will "_— | 


from the following conſiderations, 


(a) As cryſtallization is the effect of attrac- 5 


tion; and as all other matters, as well as ſalts, 


are ſabje& to the laws of that attraction, we are 
not authoriſed to conſider the regular and ſym- 
metrical figure as peculiar to ſaline bodies, al - 


though the aſſumption of ſuch figure be more 
readily and frequently exerciſed by them, as be · 


ing ſoluble in water. But cryſtals are produced 
by ſuch other methods as can ſufficiently divide 


and diſengage the integratt umm: (S Iv. B. 


and c.) 

(5) Upon examining ſalts, it will vlainly ap- 
pear, that thoſe which are moſt ſimple, and poſ- 
ſeſs the ſaline properties in the moſt eminent 


degree, coaleſce with the greateſt difficulty. The 
truth of this aſſertion is evinced by the mineral 


acids and the cauſtic alkali, which, when pure, 


and freed as much as poſſible from every hete- 
rogeneous matter, it is ſcarce poſſible to reduce 


to the form of cryſtals. 


* 


(c) The ſimilarity of forms in cryſtals does 


not depend upon the acid; for, to paſs over 
many other examples, the priſmatic and qua · 


* 
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acid; yet conſtantly differ in figure Neither i is 
the baſe ſufficient ;- for the vegetable alkali, as 


well as the mineral, ſaturated with marine acid, 


generates cubic cryſtals. The external appear- 


ance, therefore, depends upon the menſtruum 


and the baſe jointly, We ate not, however, 


from thence to conclude, that there is preſent a 
neutral or middle falt, whenever the figure of 
ſuch a one is diſcoverable. Not the ſmalleſt 
particle of alum is found in lead or nickel uni- 
ted with nitrous acid, although both theſe eom- 
pounds yield octaedral cryſtals. 
(p) A great variety is obſerved in oth 
though the matter remains the ſame : I have al- 


cubes are ſometimes found ſtriated in a ſingular 


manner, ſo that the lines of one ſide are perpen- 


dicular to thoſe which diſtinguiſh the four adja- 
cent ſides, (fig. 13.); but among theſe are alſo 
found tetraedra, octaedra, dodecaedra, and ico- 
faedra ; ſo that in this caſe all the OP ſolids 
are found. 

() Finally, a very great number of cryſtals 
are either totally deſtitute of any thing ſaline, or 


elſe poſſeſs it in ſuch ſmall quantity, that no ex- 
periments hitherto tried have been able to diſ- 
cover the ſmalleſt ſenſible traces of it. I have 
in my poſſeſſion . _y__ of mica, 

TORTS which 
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ready ſhewn this to be the caſe with calcareous - 
cryſtals, (S 11.). In the family of the pyrites, 
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which are compoſed” of parallel lamellæ; the 

elementary ſpiculæ of which are diſpoſed in a 

ſingular manner, (fig. 14.) : Gems, granites, 
 Tchoerls, and other earthy bodies, are frequently. 
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„ found figured, though analyſis can diſcover no- 5 
A thing ſaline. The fame is true of gold, ſilver, " 
38 and the other native metals; as alſo gold, filver, y 
33 lead, tin, biſmuth, and zinc, united with mer- 3 
4 F cury, of which all put on regular forms, accor- | P 
4 | ding to the quantity of the mercury (/). 

| | If we have recourſe to the ſuppoſition of an 


* 7 
* * 
3 
* 6&2, 
. . 


| hidden faline ſubſtance, which cannot be diſco- 
vered by art, it will ſurely be unreaſonable to 

: attribute to ſuch a principle ſo great a power as 

"A that of arranging the particles in the order ne- 
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1 ceflary for cryſtallization ; a cauſe beyond que- = 
7 E | ſtion unequal to the magnitude of the effect: | 
14 for how is it poſſible that a ſaline matter, the 

| 3 | preſence of the ſmalleſt atom of which cannot 

0 be diſcovered by the moſt delicate teſts, ſhall in 

: if Md pure water have yet power to effect the icy cry- 

| il ; ſtallization with ſuch force as to overcome the 

FJ moſt powerful obſtacles? How can a faline 

6 | matter, which by no teſt can be diſcovered, have 
1 power, in an amalgam of gold, to arrange the 

: ; 1 | ; ponderous particles of both metals in a particu- 


lar manner? What falt is able to form the ſtel- 
FEE ) 25 lated 


i Mem. de Chemie, par M. Sage. 
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lated regulus of antimony ? what the hexagonal 
lamellæ of mica ?—Theſe, obſervations. will ſuf. 
fice for thoſe who with to build their knowledge 


upon the ſolid baſis of experiment to thoſe 


who indulge hypotheſes, the experience of cen- 
turies will convey . convidgtion nor infor- 


mation. 
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SILICEOUS EARTH. 


8 1. 

E find it long fince obſerved by Theo. 

- Phraſtus the Ereſian (a), that a moſt | 

hn glaſs might be formed of that ſpecies 
of ſtone which ſtrikes fire with ſteel, and is cal- 
led flint; and hence perhaps it was, that all 
ſtones which, joined to alkaline ſalts, can form 
a glaſs, were called vitreſcible. There are ſome, 


indeed, who explain this denomination in ano- 
ther way, and confider it as indicating only the 


property of melting by means of fire without 
addition. But as vitreſcible earths, when alone, 
| are 


(a) De Lapid. 84. 80 Pliny, © Auorer funt, in In- 
« dia et cryſtallo fracto fieri Cams et ob id nullum com- 
t parari Indico.” 


Stones which are ſo hard as to ſtrike fire, are 
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are very refraftory, the former account ſeems 
to be more probable. - | 

In the preſent century, choſe ſtones which had 
befare been called vitraſeible, were called filice- 
ous by Mr Pott, and after him by Mr Cron- 
ſtadt. The celebrated chemiſt of Berlin above 
mentioned, ſeems to have been the firſt who 
(in 1746) eſtabliſhed the genuine criteria of 
theſe ſtones; at leaſt, he determined them more 
after aſtoniſhing labour, diſcovered their habits, 
in mixture with the various earths and ſalts (. 


commonly called filiceous ; but this property 
depends. more upon the connection of the par- 


_ ticles, than the nature of matter itſelf. 


Glauber (c), if I miſtake not, was the firſt 
who gave a clear deſcription of the liquor of 
flints; though J. B. Van Helmont, in ſpeaking 
of glaſs, aſſerts, that, if it be made with too 
much alkali, it deliqueſces; and that, by means 


ol an acid, it precipitates a quantity of ſiliceous 


earth equal to that which had been uſed it in * 
Siliceous earths have been but e 
with regard to their principles and compoſition. © 
Geoffroy aſſerts, that, by repeated calcination, 
they may be reſolved into abſorbent earth (e). 
(5) Gethogeogn, |» (ee) Furn. pars. 
(4) De Terra. ( Mem. Par. 256 
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„ 1 Teuman relates, that he obtained from them; by | 
diſtillation, an oily empyreumatic © ſubſtance; | | 
which made fyrup of violets red, and, upon ad- | 
dition of concentrated vitriolic acid, diffuſed the 
ſmell of volatile ſpirit of ſalt (): but Ludovici, 
upon diſtillation, obtained, as he relates, from a 
: pound of ſiliceous earth, two drachms of an 
a acid liquor with a ſulphureous odour ; and the 
[ {FIRE 3 reſiduum, by elixation, communicated a ſtyptic 
| taſte to water, from which, by alkali of tartar; 
a a tartar was precipitated (g). Carl alſo obtain- 
ed an acid liquor of the ſame kind (7. - 
| f "BY | = Th Others ſay that they have obtained it ſubli- 5 
ws 1 „ Es med with ſal ammoniac, of a variegated colour, 
3 8 5 together with a green liquor. Neuman (i) aſ. 
ſerts, that he was able, by means of vegetable 
acids, to extract a portion of lime from moun- 
tain cryſtal, but not from quartz; that the acids 
acted more powerfully upon the cryſtals when 
calcined; that, of one drachm of the ſofter flint, 
22 grains were diſſolved by concentrated vitrio« 
lic acid, and by the diluted acid 20; by marine 
acid 15; by nitrous acid 16; by vinegar 103 
but that, from the harder flints which ſtrike fire; 
. nothing was extracted (&). 510 
Slauber (Y) imagines, hiſt on n diſtilling pow - 
75 N W F-a4; or flint with at or three n of 
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| alkali of Meer; it fans out of the retort, -and 
diffuſes an acid liquor like to marine acid in 


ſmell, but differing from it in taſte, and other 
properties. This liquor he thinks is derived 
from the alkaline ſalt, though N aſeribes it 
to the ſiliceous matter. f 
Pott aſſerts, that the earthy beriet bb 
liquor of flints (n) by acids, is perfectly ſoluble 
in them, and that with vitriolie acid it produces 


alum (n). This was afterwards aſſented to by 


Beaume (o), but is very juſtly denied by Car- 


theuſer (p); Scheele (), and others (r). The 


celebrated J. C. F. Meyer obſerved (/), that li- 


quor of flints, diluted with à certain quantity ol 


| water, bore acids without precipitation. This 
is a remarkable phaenomenon, which will be 
explained hereafter, 


— 


Finally, the celebrated Dr Prieſtley, . is 
making attempts to reſolve all bodies into air, 
having expoſed filiceous powder, moiſtened with 
acid of nitre, to an intenſe heat, obtained, in 


an apparatus prepared for the purpoſe, firſt aeri- 


al acid, then nitrous air and common air, and, 
laſtly, air of yetnarkable Purity ; and theſe he 
FOOD obtained 


{43 


- (of Cons PE 10 Ladd p. 3. 1 


(se) Man. de chemie. 0 OM Miner. abh. theil. - - 
(9) A&-Stock. Aen. () Diſſ. couronnée par 
In Soc. Montp. ( / ) Beſchaft. der Berl. Ge- 
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obtained in the ſame order ſeveral times, by 


moiſtening the maſs afreſh (H). 


The illuſtrious Count de Buffon ee 
on as flint minutely divided, and, on the con- 


trary, flint as clay very much condenſed ; how 


juſtly, will appear -from the ſequel, We ſhall 
paſs over the looſe conjectures of authors con- 
cerning the origin of this earth; conjectures 
which are only built upon the places where it is 


found, its ſituation, or other circumſtances, of- 
ten very trifling; and only obſerve, that pure 
| Gliceous earth is generated in the diſtillation of 


the mineral fluor with vitriolie acid; a ſubje& 
which has been ſo ably handled by Mr Scheele. 
How this geneſis of ſiliceous earth is effected, 
ve ſhall i ye hereafter, in its proper place. 


8 It. Crizeria of 2 Forth 


In order to avoid all * ambi guity, it is. 


neceſſary to begin by defining what is under- 


ſtood by the term filiceous earth, It is that 
earth which is precipitated by acids from liquor 
of flints, and which, even though the acid be 
ſuperabundant, remains undiſſolved. Clay is 
alſo diſſolved by alkaline ſalts, and is alſo preci- 


pitated by acids; but is again taken up by the 
acid, if ſufficient quantity be added. I ſhall 
therefore paſs over the latter, and go on to men- 


| tion 
(:) Experiments on Air. | 
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tion ſome of the principal properties of the for- 
mer earth, ſuch as are often uſeful to diſtinguiſh 
it from others; but I ſhall only take notice of 
a few properties which may ſerve as criteria. 
The following are the moſt remarkable, and ſuch 
_ as ſerve to diſtinguiſh it very eaſily from all others. 

The filiceous earth is not ated upon in the 
uſual way by any acid, that of the mindral fluor 
excepted. _ 

But it may be diſſolved in 8850 alkalis, either 
by the dry or the humid way; and, in the for- 
mer caſe, with violent efferveſcence, runs into a 
_ glaſs, which is ſo much the harder, as the ſili- 
ceous earth, by means of a due degree of heat, 
conſtitutes a larger proportion of the whole 
maſs. With + alkali a clear and very hard glaſs 
is obtained; but, with double or triple the 
quantity, a vitrified maſs, which attracting the 
moiſture of the atmoſphere, deliqueſces ſponta- 
neouſly. 

It cannot be fuſed, when alone, by the moſt 
violent ordinary fire, but is diſſolved by the ad- 
dition of borax, without efferveſcence; it is al- 
ſo taken up by the microcoſmic ſalts, a > 
far more goon, and ſparingly. 


6 1. Its Habits with Acids. 


The earth newly precipitated from liquor of 
Hints, when waſhed and ſtill wet, cannot be dif. 
Vol, II. C ſolved 
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8 ſolved in the common acids, ſuch as vitriolic, 
B nitrous, and marine, although in that ſtate its 
5 ſurface is increaſed as much as poſſible; and, 
although to each part of earth 1,000 of concen- 
| \ trated acid were added, and bailed for an hour, 
5 the ſiliceous maſs, when afterwards collected and 
waſhed, remains of the ſame bülk as before, and 
the menſtruum is not eee with the 
ſmalleſt particle. 
This is ſtrictly the caſe with regard to pure 
ſiliceous earth; but, if three parts of alkaline 
falt be melted in a common crucible with one 
of quartz, the ſalt diſſolves at the ſame time a- 
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7 matter of the veſſel, which are precipitated by 
acids, and re-diflolyed upon adding a ſufficient 
quantity of the acid menſtruum ; but it is obvj- 
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foreign admixture, and by no means a conſti- 
| | tuent part of the liquor of flints. If the opera. 
— tion be performed in an iron veſſel, there will 
wal = OR be no argillaceous earth obtained, however of. 
[- ten the experiment be repeated. There is cer- 
| tainly a portion of clay, though extremely ſmall, 
which is always found in quartz itſelf : but the 
[231 filiceous earth precipitated from liquor of flints, 
|} | and freed by an acid from all heterogeneous - 
11 a matter, though afterwards repeatedly fuſed with 
(+; | fixed alkali in an iron veſſel, will not yield even 
the moſt minute portion of ay. Theſe diffe- 
rent 
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bout o, o/ its own weight of the argillaceous 


ous, that, in this caſe, the argillaceous clay is a 


1 


: 


led into an erroneous belief of the n Een of 
filieeous into argillaceous earth. - 
We ſhall hereafter ($ Iv. c.) ſee that 1 
ous earth may, by certain management, be diſ- 
ſolved in acids. | 
(B) The fluor acid is never got entirely free 


from filiceous earth; ſo that, being more or leſs | 


loaded with it, it Ry of courſe be found leſs 
active. Here it is proper to obſerve, that ſuch 
earth is called ſiliceous as is either collected in 
the recipient during the diſtillation of fluor acid, 
or is afterwards depoſited by that acid. The 
reaſon of this denomination will N hereaf- 
ter, (S v.). 

In order to examine the ſolvent power of this 
acid, in the year 1772 ſome quartz, very finely 
powdered, was put into a bottle which contained 


3 of a kanne of the acid. The bottle was then 


lightly corked, and ſet by in a corner of the 


room. Two years afterwards it was examined; 


and, the liquor having been poured out, there 
were found concreted at the bottom of the veſſel 


(beſides innumerable ſmall priſmatic ſpiculæ) 
thirteen cryſtals, of the ſize of ſmall peas, but 


moſtly of an irregular form. Some of them re- 
| ſembled cubes whoſe angles were all truncated, 
ſuch as are often found in cavities of flints. 
Theſe ſiliceous cryſtals, the firſt perhaps that 
were ever produced by art, were indeed hard, 
2 C2 | but 
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rent caſes ſhould be well obſerved, leſt we be 


1 = * ry 
5 1 N 
8 is * 
1 FR" Fay - * oft __—_ ** 8 


l —_— "ES - — 
He — 1 n . 
Mis Bay __ 


_— — i= — * 

- R we "LY - * = . 
— I goa . Hb 
g 5 , . ren: n 4 255 We e 


5 — : \ 8 - - „ee 
% w . v4 
— 1 4 6 - Po w_ oy om 
F d x 5 ' 

N 1 F p L W— - "77 - . 6 n . 1 
2 * oy ll, Fs 8 r 15 "I 7 Me FO 

L K. Pa. . e 91 . N - * ”y n Y PRES 

- rage HF Fa ol EE + ti . e A 1 RES Nr r 
ut. a ge %%% N r 33.08 OR mn 
7 * $ 7 5 a - 4 3 * VA. wog* > N 4 s — 1 8 
- * : 
Sean INF 6; « 


” 


— 


— tl 


p * 
DON 4 9 * Xs * 1 12 fy 5 1 % 
rs Dag ; l [ * 
op / : : 
J k 
364 ge — —— . — er ea, — 7 
* 


3 


2 8 ' 


th. Tas.» 7 
+ — 4 
P 1 4 
TEL, W 
. — A — am, # 
* 
— 
3 — 
. * 
- — * — 


. P p * : 
2 9 . > a 


W * 
6 — — — — — m 2 Re 
4 . Wa ad 
8 * 
#5 f I a 
5 % 


— — og 


36 OF SILICEOUS EARTH. 


but not comparable with Ni except in | ef 
ſential. properties, in which they perfectly a- 


greed. Poſſibly the length of a century may be 


neceſſary for them to acquire, by exſiccation, a 
ſufficient degree of hardneſs. The dottle itſelf, 
as far as the liquid had reached, was found co- 
vered on the inſide with a very thin ſiliceous 
pellicle, which was ſcarcely viſible, but ſeparated 
on breaking the bottle: It was extremely pellu- 
cid, flexible, and exhibited the priſmatic colours. 

Theſe phaenomena ſhew that much filiceous 
matter is diſſolved and ſuſpended. Whether 
any of the quartz was taken up is uncertain ; 
but it appears probable, that little or none was 
diffolved in this experiment, ſince, by the help 
of heat, during the diſtillation, the acid had pre- 
viouſly taken up ſo much filiceous earth, that 


upon flow evaporation it was unable to retain 


it. Hence appears the origin of the cryſtals and 
the pellicle ; and hence appears the cauſe which 
impedes the action of fluor acid upon flint; 


namely, that the acid obtained in the ordinary 


way 18 already faturated with it. 
Flint diffolved in fluor acid is moſt complete- 


ly precipitated by volatile alkali; and by this 


method it is found, that one part of flint is con- 


tained in 600 of the acid ſo much diluted, that 


its ſpecific gravity is only 1,064. This precipi- 
tate poſſeſſes all the criteria of pure flint, (S u.): 
But that which is hes 4A by fixed alkali, 
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either vegetable or mineral, does not exhibit a 


pure ſiliceous matter, but a triple ſalt of a pe- 
culiar kind, compoſed of ſiliceous earth, fluot 


acid, and fixed alkali, which diſſolves, though 0 


difficultly, in warm water, (eſpecially that which 


is made with vegetable alkali), but is eaſily de- 


compoſed by lime- water, and lets fall the mine - 
ral fluor regenerated; ſo that this precipitate 
muſt be well diſtinguiſhed, and not confounded 
with that which is Fee by e alkali. 


8 . 1 Habits with alhaling Sales: 


In the humid way, (by boiling), fixed alka- 
line falts attack the filiceous earth, but not un- 
leſs it be very finely comminuted, and newly 
_ precipitated from liquor of flints. Alkali of tar. 


tar, ſpontaneouſly diflolved by attracting moi- 


ſture from the atmoſphere, by boiling takes up 
about one-ſfixth of its own weight; and the li- 
quor, upon cooling, forms a jelly, although at 


_ firſt diluted with ſixteen times its weight of wa- 


ter. This ſolution is effected by the cauſtic por- 
tion, which is always preſent in this alkali; for, 
when the alkali is aerated, it rejeQs the earth; 


nay, upon the addition of aerial acid, even the 


cauſtic alkali depoſits the earth. 


The volatile alkali, even though aan 1 
no effect in this way. ; 
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=o In the dry way fixed alkalis attract ſilice · 
ous earth, inſomuch that one half its weight of 
theſe ſalts melt with it into a glaſs tranſparent, 
hard, and firm, which is not the caſe with any 
other earth yet known. During the conjunc- 
tion a violent efferveſcence is obſerved ; but, if 
the vapour which aſcends be collected, it is 
found to conſiſt of nothing but water and aerial 
e 

If the proportion of alkali be 8 a glaſs 
is obtained more ſoft and lax; and, if it be in- 


creaſed to double or triple, the glaſs attracts the 


moiſture of the air, and is reſolved into a liquor, 
which ow the Ae earth) 1s called PINT. 
of flints. 

(o) This liquor i is precipitated by all bly: 
as the alkali unites to them more readily. than 
to the ſiliceous earth, which (being thus depri- 
ved of its menſtruum) falls to the bottom. The 


ſilieeous matter, thus precipitated, is of an ex- 


ceeding looſe and ſpongy texture, and is ſwelled 
by water fo much, that its bulk, when wet, ex- 
ceeds its bulk, when dry, at leaſt twelve times; 


nor does it contract more in the water, though 


ſuffered to reſt in it a long time. Hence the 
liquor of flints may, by time and a quantity of 


precipitant properly adjuſted, be eaſily converted 


into a jelly, eſpecially if diluted with four or 
eight times its weight of water: for, in that 
caſe, the fluidity is ſo 1 that the preci- 

tant 
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| tant can eaſily ſeparate the ſiliceous particles; 


and the particles ſo ſeparated can at once occu- 
py the whole maſs; but, if an over · proportion 
of water be uſed, (for inſtance, twenty-four 


times the weight), in this caſe, the liquor re- 
mains limpid, although ſo much acid be added 


as is more than ſufficient to ſaturate the alkali. 
This is a remarkable phaenomenon, the rationale 
of which, if I miſtake not, is the following: 

The ſiliceous particles are removed from each 
other very much by the diluting water; or ra- 
ther, being diffuſed through ſo large a mals, are 


more rare. Now, by every diminution of bulk 
the ſurface is increaſed, and, together with that, 
the contact of the ſurrgunding fluid; hence, al- 


though the filiceous earth, by its ſpecific gravi- 
ty, ſhould fall to the bottom, yet, in the preſent 
caſe, it is not able to overcome the reſiſtence 
occaſioned by friction; for greater force is re- 
quiſite to open the way downwards, than is ſup- 


plied by the difference of ſpecific gravities. The © 
ſiliceous molecules, therefore, remain ſuſpended 


in the fluid at the ſame time inviſible, both on 


account of their tenuity and their tranſparency : 
but, if the bulk of the fluid be diminiſhed by 


evaporation, eſpecially by boiling, which at once 
diminiſhes its gravity and tenacity, Fu hliceous 


matter is ſeparated, 
Liquor of flints is alſo e by too 
great 2 e of water; for by this the effi- , 
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 cacy of the cem is ſo much G- 
miniſhed, that it is no longer able to keep the 
Miceous matter diffolved ; and it 1s alſo partly 
_ ſaturated with the aa acid inherent in the 
Water. | ; 

(d) It may ſeem extraordinary, that fave a- 
cid ſhould precipitate liquor of flints, as this acid 


ſtrongly attradts the ſiliceous earth; but it is to 
be obſerved, that it ſtill more ſtrongly attracts 


the alkali: Beſides, in this caſe, it is not a pure 
ſiliceous matter which is precipitated, but an 
earth, combined both with acid and alkali, as 
was before obſerved, (F 111. B.). But there is 
ſome difference in the two caſes ; for, in this 
inſtance, the acid and the alkali, both loaded 
with filiceous earth, meet one another. While, 
therefore, the acid is ſaturated with alkali, it a- 


lone depoſits a quantity of ſiliceous matter; this 


depoſition, therefore, may all be diſſolved by 
moderate heat in a fufficient quantity of water; 


and, when expoſed to the flame by a blow. pipe, 


readily fuſes, exhibiting a peltucid little ſphere, 
which, upon loſing its fluidity," grows opaque 
and white. The precipitate from liquor of flints 
by fluor acid has the ſame properties, but ſome- 
what leſs ſolubility and diſpoſition to liquefy, 
. doubtleſs occafioned by a larger proportion of 
filiceous earth. Both theſe ſaline precipitates 
contain the fluor acid, which is diſcharged upon 
Bo ** of the vitriolic, and the ordinary 
5 e 


a 


+ en r 
* | 2 


the fluor mineral accompanying the acid; but a 
more accurate examination will detect this er- 
ror: for the refiduum, after the diſtillation of 


fluor, always contains gypſum, ſometimes mixed 
with alum and flint; whereas here nothing re- 
mains but vitriolated alkali, intermixed with 
flint. Hence we ſee how much caution and vi- 


gilance 3 is neceſſary, to provent us ee embra- 
eing error inſtead of truth. 


(E) The aerial, which is the weakeſt of Al 


acids, yet precipitates liquor of flints'; and that 


quickly and copiouſly, if it be ſuddenly added, 


and in ſufficient quantity; but it is not neceſſa- 


Ty to mix them; it is ſufficient if liquor of flints 
be expoſed to the atmoſphere, either open or 
imperfectly ſhut ; for then the ſubtile precipi- 
tant is attracted, and the fluid depoſited very 
mg in proportion as the A is aerated. 


Gy « Siliceous Earth poſſe 772 ſomewhat of 1 fal. | 


nature. 


The proof of this is not to be drawn from the 
cryſtalline figures which filiceous ſtones often 

aſſume, (for this is a property not peculiar to 
- ſalts), more convincing arguments may be drawn | 
from its compoſition and 1 its ſolubility. 


1 
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phaenomena exhibited. | To an inattentive ob- 
ſerver it will appear, that, in this caſe, we have 
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| 4) In order to underſtand the ps of a- 
ceous earth, as far as it has yet been poſlible to 
penetrate that myſtery, let us attentively conſi- 
der the diſtillation of fluor acid. The phaeno- 
mena of this operation are entirely of a new 
ſpecies, and, to be well underſtood, r the 
greateſt ſkill and attention. 
Leet 100 parts of pulverized fluor be auth into 
a glaſs retort, and through a tube 50 parts of 
highly concentrated vitriolic acid be poured in; 
immediately a ſenſible degree of heat is found 
to ariſe in the maſs, and a vapour of a moſt pe- 
netrating odour is produced; let 100 parts of 
diſtilled. water be kept in the recipient ; let a 
gentle heat be applied, which is to be railed-by 
degrees, until the bottom of the retort becomes 
at laſt red: During this time, the body and 
neck of the retort are incruſted by a white mat. 
ter, and the ſurface of the water in the recipient 
is covered with a cruſt of the ſame colour. 
| When the veſſels cool, let the white matter in 
the recipient be firſt collected, well waſhed, and 
dried; it is found to be equal to abqut one part 
and a half of the maſs ſubjected to the diſtilla- 
| tion. | - \ 
This is very light and ſpotigy ; not only. i in- 
ſoluble in water, but in the ſtrongeſt acids; very 
refractory in the fire when alone. with one 
half of fixed alkali, it yields a tranſparent and 
ſtrong glaſs, but with three times that quantity 


ond 


produces a ſaline maſs, which deliqueſces, and 
becomes liquor of flints : In a word, it exlitbits 
all the criteria of a true and pure ſiliceous earth; 

and, on expeſition to the focus of a burning 


mirror, agrees with that earth, as the celebrated 


Macquer experienced with a {mall portion of 

this ſiliceous powder, ene l in hag 
laboratory at Upſal. 1e. 

Beſides the ſiliceous WY 8 5 5 W i 


which is chiefly formed in the recipient, a white 
pellicle adheres to the neck and body of the re- 


tort. This, upon examination, is found to be 
nothing but the mineral fluor, more or leſs de- 
prived of phlogiſton, enveloped even externally 
by its own acid, but containing little or nothing 


of ſiliceous earth: It therefore eaſily fuſes, up- 


on expoſure to the blow- pipe; and, upon an 
tion of vitriolic, the fluor acid is expelled. 

If the diftillation be performed with an 5 
a double, or a ſtill greater quantity of vitriolic 
acid, the ſame phaenomena take place, but with 
greater vehemence; more of the fluor is yolati- 


lized; and it ſometimes even paſſes over into 


the receiver: The glaſs is almoſt always cor- 
roded, and, if thin, perforated. The water in 
the receiver, which, by the firſt method, con- 


tains a pure fluor acid, is in the latter more or 


leſs mixed with the vitriolic. The elaſtic fluid, 
which is generated, and may be collected in 


e does not proceed 2 from the 
fluor 
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4 fluor alone, but is alſo mixed, more or leſs, 
is! . with ſomething proceeding from phlogiſticated 
1 vitriolic acid; ſo that a wrong judgment is 
1 formed of the whole elaſtic fluid, from that * 
. 7 5 which it is adulterate. 1 
1 Ihe mineral fluor, diſtilled in hs "9 man- 
. ner with four times its quantity of nitrous or 
"7 marine acid, yields the ſame product; but a 
2 if ſmaller quantity of fluor is volatilized, leſs fluor 
'M acid is extricated, and leſs filiceous earth is pro- 
a - duced. The water in the recipient, beſides the 
11 fluor acid, always contains ſomewhat of the de- 
> compoſing acid; nay, the acids of the vegetable 
WITT and animal kingdoms produce the ſame effect, 
1 but in a ſmaller degree. The ſiliceous earth is 
E | then generally found to be wanting in the re- 
1 ceiver; and, from the weakneſs of the decom- 
. 1 poſing * a ſmaller quantity of fluor acid is 
1 expelled, ſometimes indeed ſo ſmall, that the i 
bl 1 a y 195% whole of the earth produced is diſſolved; but it 
F | 7 1 g can again be ſeparated by volatile alkali, Ac- 
1 ; Th | cording to the new table of attractions of the 
. | fluor acid, it has a greater affinity with lime than 


the nitrous, marine, and other acids have; and 
this is agreeable to experience; but, when heat 
is applied, the more volatile, though it be the 
- ſtronger acid, muſt yield to the more fixed. The 
1 fluor obſtinately reſiſts fire when alone; but, by 
__. . - means of another acid, a ſmall degree of heat is 
f. 3 5 ſufficient to volatilize it. The mineral fluor, 
vert ER though 
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yet, when afterwards diſtilled with vitriolic ac, 
yields its acid in the uſual way. 


Moſt of theſhzenomena are eaſily under- 


ſtood, upon the ſuppoſition that the fluor acid, 
united with lime, conſtitutes the fluor itſelf ; 
that it is very volatile; and that, when expel- 


led, it elevates ſome of the fluor to a certain 


height; and that this height is the greater in 
proportion as the expulſion of the acid is quick- 


er. It has alſo been demonſtrated before, (F111.), 


that, when hot, it attraQs filiceous earth very 
powerfully ; and this, without doubt, is the rea- 
ſon why glaſs, which is always partly compoſed | 
of ſiliceous earth, is corroded, 

The principal objections which in this bn 
neſs obſcure the truth, and diminiſh the validitx 
of our concluſions, though already mentioned, 
ſhall here be ſet in view together, as they throw 
ſeveral obſtacles in the way of our reſearch. 
Theſe are, 1ſt, the immoderate quantity of vi- 
triolic acid. If the fluor acid only be required, 
one half the weight of the decompoſing acid is 
| ſufficient; if a perfect decompoſition of the 
fluor, hire is need of four times the quantity ; 
and, in general, we cannot err by the largeneſs 
of the proportion. ad, By want of water in 
the receiver, the glaſs veſſels are more corroded, 


and the elaſtic vapour, which cannot be conden- 


ſed into a liquid form without it, now for the 
F b moſt 


though often heated and extinguiſhed in water, 
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moſt part burſts forth, being only confined by 
the portion of water which adheres to the vitri- 
olic acid. Great obſcurity ariſes from, za, con- 
founding things that ought to be diſtinguiſhed 
from each other. The volatilized fluor, the 
pure ſiliceous earth found chiefly in the receiver, 
the precipitates from the fluor acid by fixed 
or yolatile alkali, are all ſubſtances that ſhould 
be carefully diſtinguiſhed. In like manner, the 
elaſtic fluid, elicited from the mineral fluor by a 
proper quantity of vitriolic acid, is very diffe- 
rent from that obtained by the ſame acid phlo- 
giſticated. But let us return to our proper 
buſineſs; for all the properties of fluor acid do 
not belong to the preſent inquiry, which only 
regards the ſiliceous earth. I thought it, how- 
ever, neceſſary to mention ſuch of them as lead 
directly to. the end propoſed. 

The queſtion then is, whence the filiceone 
earth, which occurs in the operation, is deri- 
ved? Whether it is extracted from the mineral 
fluor, and elevated by the fluor acid, or whether 
it is extricated from the glaſs veſſel itſelf? 
Many circumſtances, hereafter to be mentioned, 
are repugnant to each of theſe opinions; and 
the experiments which have hitherto been inſti- 
tuted, rather ſeem to indicate that this ſubſtance 

is actually produced during the operation. 
| it, That the ſiliceous earth does not owe its 
ele to the mineral fluor, is eaſily ſnown; for, 
although 
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although this dur ſometings contains ſiliceous | 


earth, yet this does. not always happen ; and, 
nevertheleſs, as large a produce of that earth is 
had from that which is entirely deſtitute of ſili- 
ceous matter, as from that which contains it. 


The green earth of Garpenberg, for inſtance, is 
in general entirely free from ſiliceous earth, and 


therefore may be totally diſſolved either in ni- 
trous or marine acid. This ſolution, upon the 
addition of cauſtic alkali, precipitates pure fluor, 
totally unchanged; but the mild alkali, by 
means of a double elective attraction, precipi- 
tates aerated lime. On the addition of vitriolic 
acid, gypſum is formed, | 

2d, As the glaſs is corroded by. the vapour 


of the fluor acid, at firſt ſight it appears not an 


improbable conjecture, that the filiceous earth 
which appears is produced from thence ; but we 


muſt obſerve, that, by employing a ſmall quan- 
tity of fluor and a gentle fire, the filiceous earth 


may be obtained without any corroſion ; beſides, 
the corroſion bears no e to the e 
of ſiliceous earth, _ 

za, That the ſiliceous earth, diſolved or vo- 
latilized by the acid, paſſes over from the retort 


into the receiver, is an opinion contradicted bỹß 
a variety of experiments; if, in place of water, 


alcohol be put into the receiver, the acid is col- 
lected in it, but no ſiliceous powder, which, on 
| the re of dee ought to be 


found, 
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found. Of this circumſtance 'we ſhall u ſpeak | 
more at large hereafter. 5 
But the powder formed in the receiver, well 
waſhed, and diſtilled with vitriolic acid, 1s not 
elevated, much leſs does it paſs over into the 
receiver, and it yields no fluor acid. Leſt it 
ſhould be ſuſpected that this is owing to a defi- 
ciency of the phlogiſton neceſſary to volatiliza- 
tion, let a few drops of olive oil be added, and 
from hence, upon the application of heat, a 
white ſmoke will ariſe; and, if the end of the 
retort's neck be plunged in water, a white ſqua 
mous membrane is generated on the ſurface. 
This would at firſt appear a proof of the volati- 
lization of ſiliceous earth; but, upon examina- 
tion, the error is diſcovered, this membrane be- 
ing found to be nothing more than a ſebaceous 
matter diſcharged from the oil by means of the 
acid, in a ſtate of coagulation, and carried up 
by the ſmoke; and the ſame kind of membrane 
is produced, if nothing be uſed but the oil and 
the acid. If the fluor acid be nothing more than 
a a modification of the vitriolic, (a queſtion which 
muſt be decided by future experiments), the 
change produced in this caſe is a very ſingular 
one, and muſt be totally different from that. oc- 
caſioned in general by phlogiſton : In the mean 
time, it cannot with juſtice be denied, that the 
fluor acid is contained in the fluor itſelf; for, if 
| the fluor acid be mixed with lime- water, the 
mixture 
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mixture immediately becomes turbid; and 4 
powder is depoſited, which, waſhed: and dried 
in a certain degree of heat, becomes phoſpho- | 
ric; diſtilled with vitriolic acid, it yields fluor 
| aol and filiceous earth; and agrees in all re- 
ſpects with the mineral fluor. On what pretext, * 
then, can it be denied that the acid, which was 
juſt now mixed with it, is preſent in it? The 
mineral fluor is therefore lime faturated with 
fluor acid. Sometimes, indeed, there is preſent. 
a little clay and flint: Theſe; however, are not 
always found, but only caſually; and they by. 
no means conſtitute the eſſence of the ſubſtance. 
The greateſt quantity that I have yet found, was 
four grains of clay in an ounce of mineral fluorz- 
that is ©. There is alſo ſometimes a ſmall por- 
tion of maritie acid, which has not yet been found. 
to exceed five grains in an ounce of mineral fluor. 
Upon conſidering theſe circumſtances, which 
are not the reſult of a ſingle experiment, ſlight- 
ly conſidered; but of diſtillations frequently re- 
peated, and accurately examined, it ſeems ne- 
ceſſary to have recourſe to a new production, a : 
thing which indeed ſhould never be I g 
but upon the beſt grounds. | 15 
In general, we can no other way conceive the 
nature of fluid bodies; than by conſidering them 
as congeries of ſolid particles, which are ſo mi» 
nute, that, when combined with a certain quan- 
_- of _ they ql 0 N of mobi- e 
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lity which is ſufficient to preſerve a level fir. 


face; which level, if by any means diſturbed, is 


immediately recovered. Now, the primary a- 
queous elements, united while in a fluid ſtate 


with fluor acid, ſcarcely contract a firm texture, 
but yield a dilute acid, a circumſtance which 
takes place with reſpect to other acids; but, 
upon the application of heat, they put on the 
form of an elaſtic vapour; and, in this ſtate, 


meeting with the vapour of the fluor acid, it is 
extremely probable, that, by their union, they 
form the white powder above mentioned. It 


is certain, that, when liquid, they both offer a 
much ſmaller ſurface of contact than when in 
the ſtate of vapour; and this difference, in the 
latter cafe, occaſions a very cloſe union, which, 


in the former, can ſcarce poſſibly take place, on 
account of the ſmall ſurface of contact. If mi- 


neral fluor be treated with highly concentrated 


vitriolic acid, unleſs there be water in the re- 


ceiver, the elaſtic vapour can ſcarcely be con- 


denſed into a liquid form, but, for the moſt 


part, penetrates the luting, and corrodes the 


glaſs in a more than ordinary manner: By 


means of the water, which ſtill adheres to the 


Vuitriolic acid, a ſmall quantity of liquor will be 
formed, viz, as much as efcapes being. conden- 


ſed into an earth. The acid vapour itſelf, col- 


lected in mercury, yields an elaſtic fluid, not 
en by cold: Water abſorbs this acid 


fluid, 
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fluid, but watery vapour e 13 3 
we may underſtand why pulverized mineral 
fluor, when expoſed to a digeſting heat in a 
cloſe cucurbit, with twice its quantity of con- 
centrated vitriolic acid, covers wet bodies, ſu - 


ſpended over the maſs, with a white powder, 
while dry bodies, expoſed in the ſame way, do 
not contract a particle of powder; as alſo, why 
the fluor acid, often diſtilled with water, may be 


totally converted into ſiliceous earth. There is 
therefore neceſſary for this concretion. (beſides - 


E, f 


the hot acid vapours) water, alſo converted in- 


to vapour; and the coagulation is performed 


with great dificulty within the maſs, but very 


eaſily at the ſurface, which, while fluid, is in p. 
perpetual ſtate of evaporation.  - . 
But, whatever be the cauſe of this angulat 
union, (which is highly deſerving of accurate 
examination), it is at leaſt certain, that the fluor 


acid makes a part of it. Such a combination is 
very analogous to the neutral and middle ſalts, 
and therefore is not without reaſon conſidered 
as partaking of a ſaline nqture, although ſcarce- 
ly ſoluble in water, in the ſame manner as gyp- 


ſum, or as the mineral fluor (which conſiſts of 
fluor acid ſaturated with lime, and is totally in- 
ſoluble in water) is acknowledged to Nagy 
to the nature of middle earthy ſalts. 1 
(B) Let us now fee aendern ba | 


ny inſoluble in water. That certain waters 


a D 2 contain 


- 
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contain ſiliceous earth, is beyond a doubt; but 
it is probable that it rather remains ſuſpended 


in them by means of the ſubtlety of its * 


than in virtue of a true ſolution. 

It is known that water becomes the more ca- 
pable of diſſolving bodies, in proportion to its 
degree of heat; but, in open veſſels, it is inca- 
pable of receiving a degree of heat greater than 


that of the boiling point, or 100% Siliceous 


earth, expoſed in water to a boiling heat for 


ever ſo great a length of time, is ſcarce ſenſibly 


diminiſhed; ſo that by this experiment it ſeems 
totally inſoluble; but we cannot thence con- 
clude, that it is able to reſiſt a greater heat. 
The efficacy of Papin's digeſter has ſhewn, that 
many bodies may be diſſolved which totally re- 


ſiſt boiling in open veſſels: At the ſame time, 
it muſt be confeſſed, that no one has yet tried 
ſiliceous earth in this way; ſo that we ſhould be 


entirely ignorant what would be the event, had 
not nature herſelf eee aſſiſted our ig- 
norance and ſloth. _ 

Thus, at Geyſer, in lend, there ſprings up 
a hot water, which, upon cooling, depoſits ſili- 
ceous earth; and of this very matter has form- 


ed for itſelf a-crater, in which columns of Wa- 
ter of a ſtupendous bulk, after they have been 
thrown to the height of go feet and upwards, 


fall, and are again received. The heat of the 


water, n the een cannot indeed be 
. meaſured ; 


* 


— %.. "> 
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meaſured; but, aſter it * riſen 1 fallen 
whe a ſtratum of air 9o feet thick, it raiſes 1 | 
the thermometer to 100 which evidently ſhe ws 
that the heat in the bowels of the earth muſt be 
vaſtly more intenſe; and this we ſhall ceaſe to 
wonder at, when we conſider, that, in this caſe, 5 
the ſubterraneous fire acts upon the water in ca- . 
verns cloſed up by very thick ſtrata of ſtones, 
an apparatus far more effective than Papin's di- 
geſter. The crater undoubtedly was at firſt 
formed, and is daily ſtrengthened by ſiliceous 
- earth, which quits the menſtruum on its being 
1 falls down, and, being in ſomewhat * 
a a ſoft ſtate, concretes (o). 

From what has been ſaid, it dn ap- 
pears, that ſiliceous earth is of a ſaline nature, 
but differs ſo much in degree of ſolubility, that 
our artificial limits oblige us to refer it to the 
earths. | Is 


8 vr Whether Siliceous Earth be a. Sri 
Ts | Earth. © 


Thoſe earths are called primitive which can- 
not artificially be reſolved into ſuch as are more 
ſimple ; derivatiye, thoſe which are compoſed „ 
of two or more primitive earths intimately uni- 8 
ted. The queſtion is, then, to which of theſe 
en the ſiliceous earth may, dert moſt pro- 

9 eee e "PR; 8 

le) Vide De Product. Vulcan, | 
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priety, be referred? If the queſtion was, whes 
ther ſiliceous earth be altogether ſimple and ho- 


mogeneous? ? the proper anſwer would be in the 
negative; for, upon conſidering the very pro- 
bable circumſtances above related, concerning 
the origin of this earth, it appears plainly to 
conſiſt of two principles, namely, the fluor acid, 
and ſomewhat derived from the water. It can- 
not, therefore, be conſidered as ſimple and ho- 


eneous ; but, inaſmuch as we are ignorant 


the'true nature of the primary ſtamina of wa- 
ter, and, as it does not appear that any of the 


other primitive earths, ſuch as lime, terra pon- 
deroſa, magneſia, or pure clay, are derived from 


the genuine ſubſtance of water, it appears, that, 
in mineralogy, the ſiliceous earth may properly 
be conſidered as primitive, until by apt experi- 
ments, both analytic and ſynthetic, it be de- 


monſtrated, that the baſe of this earth entirely | 


agrees with ſome one of theſe above mentioned, 


When this is done, it may properly be referred 
to the derivatives, but not — Yeſore> : In the inte- 
rim, naked conjectures and fallacious ,obſerya. 


tions are not by any means to be confided i in. 


It muſt be allowed, that, to ſyſtem builders, it 
will appear more fimple to conſider all earths as 


of the ſame ſpecies, with a very few modifica- - 


tions ; but it ſhould be remembered, that he 
who pretends, 2 priori, to judge of the moſt 


pet 


4 


compound body i in __ ought firſt to be ac 
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quainted with the whole ſtruckure and oeconos 
my of nature. 


Some perſons, W that Wa acquires 


by fire a flinty hardneſs, think that the princi- 


ples of both are the ſame ; an opinion which 


would be eſtabliſhed beyond doubt, if filiceous 


earth, diſſolved in fixed alkali, could, by means 
of the vitriolic acid, form alum, which has been 


_ attempted by certain moderns : But this hypo- 


theſis, when put to the teſt of experience, falls 

to the ground; for the pure clay is all convert- 
ed into alum by vitriolic acid, and the filiceous 
earth is not ſo much as diſſolved "a that men- 


ſtruum, (5 11. and 411, 4. ). 


Others, becauſe common flints are generally 
found in chalky hills, imagine, that they origi- 
nate from chalk, particularly depending upon 
miſunderſtood phaenomena of gelatinous mine- 
rals. Theſe phaenomena are explained at large 


in the treatiſe on Volcanic Products. In the 


collection of the Academy, there is found an 
echinites exactly filled with ſiliceous earth, and 
ſurrounded with the ſame kind of ſubſtance; 


but the ſhell itſelf is ſtill calcareous, and even 


of a ſpathaceous form. Now, in this caſe, fince 
by hypotheſis the calcareous earth has acquired 
a ſiliceous nature, both internally and external. 


| ly, how could the ſhell itſelf avoid the change? 


But the nature of che ſubject, which is {till fo 
1 involved in darkneſs, from the want of a 
1 4 ſufſicient 
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fufficient number of experiments, that we cans 


not certainly determine the origin of ſiliceous 


| earth, forbids us to del een upon this 4p 


\- 


$ vn. In what Kevin Siliceous Earth occurs in » the | 
1 Mineral Kingdom. * 5 | 


The ſiliceous als. Tch as it appears n | 
If recipitated from liquor of flints, and freed from 
| heterogeneous matter, is ſcarcely ever found, 


at leaſt in the external ſtrata of this globe, but 


18, like the other primitive earths, more or leſs 
mixed with other ſubſtances, and that as well 
mechanically (as is the caſe in common clay) 


as by a more intimate connection, and, as it 


were, ſolution; inſtances of which occur in ſer- 
pentinum, aſbeſtos, mica, ſchoerl, garnet, zeo- 
lith, and thoſe ſtones which are called ſiliceous. 
So long as the ſiliceous nature prevails in the 
maſs, they are not improperly ſo called, the de- 
nomination being taken from the prevalent i in- 
gredient: : But here we muſt obſerve, that the 
nature of the compound does not always corre- 
Tſpond 1 with the quantity of the different ingre- 
dients ; for the properties of certain ſimple 


| earths are far more remarkable and \ intenſe 


than thoſe of others. Thus A maſs, in which 
pure clay makes no more than a fourth, nay 


even ſometimes leſs, yet preſerves the nature 
and character of __ : Therefore it is that we 


Sia —̃ — 
* call 


1 
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call ſuch mixtures ſiliceous which ſtand the cri. 
teria mentioned in 8 11. ; and, although the fili- 
ceous nature is ſometimes more obſcure, on gc- 
count of the quantity and quality of heteroge- 
neous matter, it is of no importance, provided 
the ſiliceous nature and properties prevail. 
To this claſs we may, without reſerve, refer 
quartz and mountain cryſtal, flints, properly ſo 
called, and jaſpers; but more ambiguoully pe- 
troſilices and telt-ſpar, as alſo zeoliths, ſchoerls, 
and, laſtly, garnets, which are as it were inter- 
| mediate between thoſe and the gems, which are 
' 8. to be entirely excluded from ſiliceous earths, as 
not only by their nature, but by the proportion 
of their primary principles, they challenge a 
place among the clays, as we ſhall ſee hereafter. 
Maſt of the laſt; mentioned ſtones abound i in 
/ - ſiliceous earths, and contain, beſides, portions 
of calcareous and argillaceous earth, yet exhi- 
bit the ſiliceous properties notwithſtanding; 
Fpent us from mentioning the ſpecific differences. 
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e CERUTUS ado that he 
had ſeen with the greateſt aſtoniſhment, 
in the poſſeſſion of Chr. Furleger, an opake | 
Kone,” which, upon lying in water, by degrees l 
acquired tranſparency, and which, upon drying 
in the light, became again opake ; for this rea- 
ſon, he denominates it /apis' mutabilis. Such 
ſtones were afterwards very ſcarce, and had the | 
empty name of oculus mundi beſtowed upon 
them. The reaſon of the former appellation is 
obvious ; the latter is merely the ſport of a 
warm imagination. Dr Hill has very properly 
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called ſuch ſtones as grow tranſparent in water 
hydrophanous. © | 

An attentive conſideration of the ie pro- 
duced will eaſily inſtruct us in the nature of this 
wonderful phaenomenon. The tranſparency 
may be obſerved proceeding from the ſurface to 
the nucleus; and, at the fame time, air bubbles 
continually ariſe from the ſurface of the ſtone, - 
and float upon that of the water. Some aſſert, 
that the tranſparency begins at che center, an 
extends itſelf to the N but, when that is 
the caſe, it muſt be occaſioned by ſome crack 
which admits the water at once to the center. 
All the hydrophani which I am in poſſeſſion of, 
or have ever ſeen, have, conformably to natural 


expectation, ps CORN at ws 
face. 295 


The 3 clouds ee that 
moiſt particles, copiouſly mixed with particles 
of air, prevent the tranſmiſſion of light, and 
render the maſs more or leſs opake, although 
the particles of each, ſeparately taken, are 'pel- 
lucid. The cauſe of this is to be ſought for in 
the difference of refracting power; for, by 
means of that, the rays are. turned from their 
original courſe at every particle, a circumſtance 
which is very injurious to tranſparency. A 

common experiment will ſtill more clearly elu- 
cidate this point. The moſt tranſparent glaſs, 
when reduced to powder, becomes opake, be- 
5 cauſe 
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_ cauſe the air, which now occupies the interfti. 


ces, refracts the light much more weakly than 


the particles of glaſs do; but, upon pouring on 


water, which diſplaces the air, and differs leſs 


from the glaſs in its refracting power, a certain 


degree of tranſparency is reſtored. Setting 
down the ſpecific gravity of water 1,000, we 
ſhall find that of air to be 0,001 ; and that of 
glaſs varying, according to its compoſition, from 


1, 791 to 3, 380, which is the greateſt ; Hence it 


appears, that the greateſt difference between 


glaſs and water is 2, 380, and the leaſt is 1,791; 
the greateſt difference between glaſs and air is 


3.379, and the leaſt is 1,790. From this cal- 


culation we may judge of the different quanti- 
ties of refraction, and the duale nn 


of tranſparency. 
Let us now ſuppoſe a ſtone which agrees near- 


ly with water in ſpecific gravity, or at leaſt is 
not more diſtant from it than glaſs ; let us alſo 
| ſuppoſe that its particles are tranſparent, but 

that it is uniformly perforated by inviſible fora- 
mina, ſo that both air and water may be admit- 


ted, though not readily; we ſhall then have a 


ſtone, which, when well dried, remains opake, 


but, like the oculus mundi, grows pellucid in 


water. The ſuperior effect which an alkaline 


lixivium produces in this caſe, en on the 
ho AY: of 1 its AO 8" wh pi 
* Although 
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Although the cauſes of this phaenomenon are 


thus phyſically explained, which always. renders : 


a phaenomenon much leſs ſurpriſing, yet to this 


effect three conditions, but rarely found united, | 
are neceſſary; ſo that ſtones of this kind were 
very ſcarce, and valued at great and even im- 


menſe prices. The extravagance of the price 


alſo prevented the examination of this ſub- 
ſtance; and our ignorance of its nature con- 


cealed from us the place where it was to be 


found; nay, ſo undecided were opinions con- 
cerning it, that the moſt acute examiners were 
doubtful whether it owed its origin to the mine- 
ral or to the animal kingdom: In the mean 
time, the curious, both merchants and philoſo- 
phers, were buſily employed in ſearch of it. The 
accounts tranſmitted to the Royal Academy of 


Sciences, Stockholm, were as follow: 


In 1770, the celebrated Quiſt, who bad viſit- . 
ed England, communicated ſome obſervations 


upon three ſpecimens which he had ſeen in the 


Britiſh Muſeum; but, as he was only permitted 


to examine them ſuperficially, he could not de- 
termine their nature. 
At the beginning of the year 1774, Mc 


Poetzſch of Leipſic related to the Academy, 


that, the year before, a lapis mutabilis had been 


offered, at the electoral collection, for the price 
of 100 ducats; that this ſtone very much re- 
ſembled a certain wirr of the Eibenſtock opal, 
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1. | which, upon trial, was alfo found to grow tran- 
5 1 FEY parent in water: Hence he concludes, that the 

| | qpis mutabilis is to be ranked in the family of 
the opals, 

In 1776, Mr. Murray ee to che 5 
| PODS a diſcovery which had been made three 
FVV years before by Mr Veltheim, ſuperintendant of 

N 755 5 the mines in the Hartz, namely, that the grey, 
4 N green, and yellow hydrophanæ, are no other 
lf Fe than thin cruſts of the chalcedony of Ferro. 
IF 4 In 1777, Mr M. T. Brunnich, profeſſor at 
Wl. Copenhagen, in a memoir, gave a confirmation 
-.* | of the chalcedony of Ferro's being the matrix 
ti "Fr of the hydrophanous ſtone. It is ſufficient juſt 
TY Ns, to mention this ; the other circumſtances may 
| be ſeen in the Act. Stockholm. an. 1777. 
_ Having now mentioned this quality ſo highly 
4 85 vrined, and ſhewn its exiſtence in certain of the 
A (4, Ws chalcedony and opal tribe, let us conſider theſe 
=" , 9 ſtones a little more accurately; although it can- 
=; | not be denied, that the ſame property may, and 
___ | * does, exiſt in ſome other ſpecies. ' 
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Fu. The Opal and Chalcedony cmpared eter 


= a The opal and chalcedony agree with one an · 

"Fe | No aher! in many properties. 

ma | X (A) The common colour of . 

1 ly milky; but the former is more pellucid than 

_ the latter: Beſides, the opal, viewed with re- 
fracted 
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fracted and reſſected rays, exhibits different co. 
lours; but wet toad dive eee 


lone. 
(5) The l is of greater ſpecific gras 


vity than the opal; but, in this reſpect, they do 


not differ much. The Eibenſtock opal is from 
1,958 to 2,075; and the chalcedony of 28 
rent countries from 2,559 to 4,360. 


| (ec) The opal does not poſſeſs fufficient hard- 


neſs to ſtrike fire with ſteel; the ſame is ſome - 
times true of the chalcedony ; fo that, differing 


only in degree, they may, eee 


W be confounded. 


(o) With regard to compoſition, 4 alſo i 
agree, as I diſcovered by the following experi- 2 


ment: I took 100 parts of chaleedony of Fer- 
ro, reduced to a very fine powder by elutria- 


tion, and formed it into a little ball, with three 


times as much mineral alkali, and a ſmall quan- 


tity of water. After mixing them well toge - 
ther, I dried it, and expoſed it cautiouſly to the 


fire in an iron veſſel for an hour and a half. 
This operation requires the fire to be gradually 
raiſed, but not beyond a certain degree. This 
management is ſo difficult, that, for once it ſuc- 
ceeds, the maſs melts five times; for the more 
alkali is uſed, the more is the texture of the 
matter opened, that menſtrua may extract the 
foluble parts, but, at the fame time, the more 


is its tendency to fuſion increafed'; but the 
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leſs proportion than the cryſtals of quartz. 


maſs, when fuſed; muſt neceſſarily be wet 
with iron, which renders an accurate ſeparation 


| of the principles very troubleſome ; and, be- 


ſides, a portion adheres to the veſſel, which is 
not eaſily. got off, Theſe inconveniencies, there 


fore, muſt be carefully avoided ; and, whoever 


diſlikes this ſcrupulous attention to the manage- 


ment of the fire, muſt diminiſh the quantity of 


falt, and reduce it to a fourth or ſixth part of 


the chalcedony ; by which means the end may 
be obtained, but more imperfectly. The ball, 


upon the application of a proper degree of heat, 


ſplits into a powder. This powder I collected 


and kept in marine acid, in a. digeſting heat, 


until the reſiduum reſiſted the force of the acid. 


The inſoluble powder, which was purely filice- 
ous, when waſhed and dried, weighed 84 aflay 


pounds; ſo that the undiflolved part conſiſted 


of 16, which, precipitated and examined, ap- 
peared to be all argillaceous, mixed with ſome 
iron, but without the ſmalleſt appearance of . 
thing calcareous. 

It is proper to obſerve, that the ſame Faroe 
dony, without the previous preparation with al- 
kali, yielded to the marine acid a portion of ar- 
gillaceous earth, but four times leſs. It differs, 


therefore, from the common flint, which, treat- 
ed in this way, yields ſcarce any clay, and is 


found mixed with calcareous earth, though in 


or 1m HYpRGPHANOUS STONE. - 6 
I treated the Eibenſtock Git in the ſame 


way, and it gave the ſame reſult as the chalce-_ 


dony, whether crude or prepared with alkali. 


The argillaceous part was indeed a few pounds 


| leſs; but I do not know that the difference i is 
r 
(r) From the above, it ippears plainly, I 
think, that opal is to be conſidered as a rarer 
and purer chalcedony, and the latter as a denſer 


and coarſer opal : That the opal is of a more 


ſpongy texture, appears not only from the ſpe- 
cific gravity, but alſo from this, that pieces of 
the opal often grow more tranſparent and more 
eh 12 in Wateke 


8 111. Of the Heel Be. gs g 


We have heretofore conſidered” the opal and 
chalcedony ; but *theſe, when perfe&, do not 
undergo the change in water of which we are 
treating; at leaſt not in ſuch a degtee as to at- 
tract attention; but this property is ſometimes 
found in the cruſts with which they are cover- 
ed: Theſe we ſhall therefore proceed to exa- 
mine more accurately. _ 

() It may, in general, be faid of thoſe li- 
ceous ſtones which reſemble the common flint 
in breaking equally and ſmoothly, that they are 
—— found ſurrounded with a covering of 
coarſer materials, T ſhall mention what appears 

Vol. II. E probable 
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probable concerning the origin of this epi- 
Evident marks frequently occur, which ſhew 


that thefe ſtones have gradually been indurated, 


and were originally a tenacious maſs. Now, 
during this operation, the coarſer particles, or 


thoſe more imperfectly diſſolved, while the bulk 


gradually diminiſhed, were puſhed to the ſur- 
face by the more homogeneous matter, or ſome- 
times towards the center, if any cavity be there 
to receive them; but, as the maſs grew more 
denſe, the reliance alſo grew greater, \and at 
length acquired ſo much power as to prevent 


the protruſion; it therefore obliged the protru- 


ded particles to ſettle in ſtrata parallel to the 


ſurface; and theſe ſtrata were at leaſt diſtin» 


guiſhable by colour and tranſparency from the 
reſt of the maſs. Inſtances of this are ſeen in 
agates and chalcedonies. The external layers 
are generally more coarſe, and have undoubted- 
ly been protruded in the manner above men- 
tioned, while the maſs was ſoft. . On ſeparating 
the layers, each internal is Cod of a more de- 
licate texture than the adjacent external. 

(5) The above mentioned cruſts muſt neceſ- 
farily differ in texture, denſity, hardneſs, and 


gravity :. It is therefore evident, that the three 


conditions neceſſary to the mutability required, 


5 cannot always be preſent i in theſe. Experience 


ſhews, that the proper pieces, which are gene · 
rally ſurrounded with thoſe that are ae can - 
not 
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not be diſtinguiſhed by ſight, by touch, or any 
external mark. 'Thoſe which, when applied to 
the tongue, do not ſhew any adheſive power, 
may be rejected; yet thoſe which poſſeſs that 
power, do not always grow tranſparent in wa- 
ter, although they admit it, two other condi- 
tions being equally neceſſary, Actual immer- 
| fion for 24 hours will decide the queſtion, as 
thole which require longer time are not worthy 
of attention. : 
(e) Hitherto we livre 1 the N 
| of filiceous ſtones in general; and, although the 
involucra of all the varieties may perhaps ſome- 
times yield the hydrophanous ſtone, yet experi- 
ence ſhews, that it is chiefly-to be ſought for a- 
mong thoſe of a looſe texture, Such as opals ang 
chalcedonies. 
(p) The cruſts which grow PA ts in 
wiki on breaking, appear denſe and ſmooth ; 
they ſtick to the tongue, do not ſtrike fire with 
flint, are of a whitiſh yellow brown, nay ſome- 
times blackiſh colour: Their tranſparency ya- 
ries according to circumſtances ;- their ſpecific 
gravity ſcarcely double that of water. | 
(z) As theſe ſtones are deſtitute of the hard · 0 
neſs neceſſary to ſtrike fire with ſteel, (a pro- 
perty which is conſidered as the criterion of ſi- 
| liceous ſtones), ſome doubt may ariſe concern- 
ing the filiceous nature of the hydrophanous 5 5 32 
., I thought analyſis the moſt PEN. LN - = 
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0 THE HYDROPHANOUS STONE. 
means of ſolving this difficulty ; and, upon ex- 


periment, found the ſame principles as before, 


(§ u. E.), which puts an end to all ambiguity. 
But it appears plainly, that the greater or leſſer 


degree of connection between the i integrant parts 


affords a very inſufficient and fallacious mark of 
diſcrimination ; and, accordingly, we find a 
great variety in this reſpect, even in the ſame 
tribe. We have already ſpoken of opals and 
chalcedonies, (F11. c.); the ſame is true of cor- 
nelians, gems, (a) &c. We have alſo, in clay, 
a very remarkable inſtance of the effect of diffe. 
rent degrees of exficcation ; for this ſubſtance, 
although, when crude, it attracts water ſtrong- 
ly, and is ſoftened and penetrated by it, yet, by 
a certain degree of heat, it is fo condenſed as to 


reject water; and at length, by a very intenſe 
heat, it acquires a perfect flinty hardneſs. In 


this inſtance, the very ſame matter exhibits very 
different degrees of coheſion among the parti- 
cles; and it is elſewhere demonſtrated, that, 
even when hardened to the greateſt degree, it 
yet retains an argillaceous nature: We may 
therefore juſtly conclude, that the * of 


; hardneſs is not to be confided in. 


(x) The value of the hydrophanous ſtone is 


eſtimated by its bulk, the quickneſs of the 
change, and the elegance of its colour. Of two 
1 penetrable, the larger muſt neceſſarily 


grow 


14 vide de Terra Germ. 
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grow tranfparent more - ſlowly ; but the effect 
may be ſomewhat increaſed by diminiſhing the 


_ thickneſs or perpendicular altitude, the length 


and breadth remaining the ſame. By this me- 


thod, many of them may be brought to grow 
tranſparent in a few ſeconds; and no doubt the 


wonder is much diminiſhed, if the change does 


not take place under the eyes of the obſerver : 
Beſides, if ſeyeral hours be requilite, neither can 


the proceſs be properly examined; nor are the 


air-bubbles expelled by the water ſufficiently 
viſible, | ; 


The colour is derived from iron: Now, as | 


| that ſubſtance often differs both in quantity and 


— 


quality, a conſiderable difference muſt ariſe, | 


which generally varies between a yellow and a 
brown, 

we have already obſerved ; but the change is 
not very remarkable, becauſe it is of itſelf ſemi. 


tranſparent ; but if naturally, by ſpontaneous 
calcination, or artificially, by a gentle heat, it 
contracts an opacity, we immediately get the 
hydrophanous ſtone. To make the opal opaque 


when dry, by means of fire, requires much cau- 
tion; for, if too much heat be applied, eſpeci- 
ally ſuddenly, it flies into ſmall pieces. 


(nA) The change is accelerated by uſing the 
water hot, as it penetrates the foramina more 


readily; and the foramina themſelves are more 


E 77 


(0) That the opal giyes admittance to water, 
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open, on account of the heat ; but, whether it 
be hot or cold, the very pureſt water ſhould al- 
ways be uſed, otherwiſe the ſtone will gradually 
be obſcured ; for any water, though clear as 
cryſtal, Wen, upon evaporation to dryneſs, an 
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23 2 _ _ earthy reſiduum. When the water, then, which 

Fi has been admitted, is gradually diſſipated by. 
. BE ; evaporation, ſomewhat always remains behind: 
1 5 + This, on account of its tenuity, for a long time 


| does not injure the tranſparency ; but, if the o- 

peration be frequently repeated, it may at length 

become viſible; but this may be eafily removed 

by acids, if, as is uſually the caſe, it is of a cal- 

careous nature. I am not ignorant, that, in this 

operation, the colouring particles of tinged li- 

quors are excluded, though the vehicles pene- 

trate the ſtone ; but it is equally true, that al- 

| kaline lixivia penetrate, and, of conſequence, 

calcareous and other ſolutions will alſo pene- 

trate. 1 een e 

By concentrated vitriolic acid, alſo, the ſtone 

acquires tranſparency; but ſometimes the co- 

lour is darkened by the acid remaining in the 

pores, and growing blackiſh ; but this may be 

| removed by an alkali. But the nitrous acid, 

highly dephlegmated, rather dephlogiſticates 

than diſſolves the iron of the ſtone, and occa- | 

=. Honally produces various hues of yellow; but, 
as acid menſtrua are able to take up a little off 

the argillaceous earth as well as the iron, (F 11. 


Ee), 
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x.), there is no doubt but, if frequently uſed, 
they will gradually change the texture of the 


ſtone. The water enters at the firſt trial more 


Nowly than afterwards : It may therefore hap- 
pen, that a ſtone, which at firſt ſcarcely admits 


water, may, by lying a proper time in acids, 


have its foramina opened and dilated ſo as to 


admit it freely. 
That the ſtone, when tranſf parent, is more 
ponderous than when opaque, experience ſhews, 
and the fluid imbibed will eaſily c_ the 
cCauſe. ; 


(1) We a not omit mentioning, Fo 


when the hydrophanous ſtone, rendered tranſ- 


parent, is expoſed to the rays of the ſun, or to 
an intenſe light, it frequently ſhews a ſpark or 


ſpot, ſhining with peculiar luſtre, which changes 


to different parts of the ſurface, according to the 
ſituation of the light. This property, which be. 
longs to opals peculiarly, but not excluſively, is 
not difficult of explanation, as the hydrophanous 
ſtone is of the nature of opals; but is thus far 


imperfe&, that, when dry, it is opaque ; when | 


wet, however, it grows tranſparent, and then 
acquires completely the properties of the opal. 
The property is of this nature. Let L M N o, 
tab. 2. repreſent the ſection of an opal, of a len- 


ticular or ellipſoid form; let the parallel rays 


of light Im Im, &c. fall upon it, and a light 
| wil appear in the oppoſite quadrant above u; 


tl in 


2 

| 4 
4 

5 


n 


3 
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=_ in proportion as the incident rays: are more o- 

1 0 k blique, the ſhining ſpot is more narrow and 
1 more brilliant; but the higher the luminous 

TR ' body riſes, the larger and weaker is the ſhining _ 

1 1 | a ſpot. Let a light fall, by means of candles, "HF 
38 both right and left quadrant, and two oppoſite 
is a ſhining ſpots will appear, but weaker than 
UK} the ſingle. In open air, in the dayelight, the 
2B half L M N appears almoſt entirely overſpread 
4 8 with a refracted light, but indefinite, not exhi - 
ding any figure; yet, when light is admitted 
1 . into a chamber through a hole in the window- 


ſhutter, the ſhining ſpot repreſents the figure of 
the hole : It alſo repreſents the figure of the 
flame, and that in an erect ſituation, if 1 repre- 
ſents a lighted candle, or the ſun itfelf ; there- 
fore the adjacent rays, coming from Kul ſame 
points, are refracted within the ſtone, and form 
the figures of theſe points. When. the incident 
rays are nearly parallel to the plane x Q two 9 
more curves of that kind, called cau/tic by re- 
| fradlion, diverge from M to the internal parts: 
+” Thoſe which ariſe from refraction from the op- 
poſite convex part © L, are ſeen within the 
ſtone, but thoſe which are generated by refrac- 
tion in the concave part L M x, are extended 
beyond the ſtone, in the plane N d. In order 
to obſerve theſe phaenomena diſtinctly, let the 
lighted candle l be placed at a foot diſtance. 
from the perpendicular x v, paſſing through the 


eye 


* ; WE 
q - , 
4 L «» . . . 
* a > wh s * 4 Pp - 1 Fd 
NO 5, ? ; 0 - — 
4 3 — 7 oy _ * 6 fey, —— —  —G—— 
. — — — — — 9 T 1 
- 
. _ q 2 AS. 1 
n _ " 0 1 ek , 


* x 7 , £ * * r 33 
2 S 1 1 - 
w * n Fe te” 


n ˖ R eng re ET IE ror tom ant er tt edt 4 vn 0 * 
— TORO I * _— — 1 N 


—— 3 


or THE HYDROPHANOUS STONE: „ 


eye at nx, placed about half a foot higher than 
the flame ; then let an ellipſoid opal be held - 
upon the finger, or a card, at the diſtance of an 
inch from the flame, and the cauſtic curves will 
appear: If the ſtone ſinks ever ſo little in the 
line x s, parallel to x p, a refulgent point will 
appear within the maſs at u, of the colour of 
the ray which paſſes through it: But at o, or 
the ſurface, a white ſpot appears; when it de- 
ſcends a little lower, in the ſame right line, the 
points change into flaming figures; at o, a 
white and leſſer one ariſing from reflexion ; at 
M, one coloured, and larger, which ariſes from 
refraction: Theſe two, upon the further fink- 
ing of the ſtone, riſe and meet together at 1. 
By uſe we may eaſily learn to produce any of 
theſe varieties, unleſs the figure of the ſtone be 
improper, as upon this depends both the number 
and the differences of the curves. The colour 
of the figures which ariſe from refraction, muſt 
neceſſarily be the ſame with that which the ſtone 
tranſmits; for it is known, that opals ſeen with 
reflected and refracted light, exhibit different 
colours. The mountain cryſtals, and other co- 
lourleſs pellucid ſtones, however ſuitable their 
form, do not exhibit theſe phaenomena diſtin. 
ly. Certain vague collections of light may be 
ſeen, but a peculiar colour is neceſſary to di- 
ſtinguiſh the form of ſuch appearances. This 
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colour e a all pies of rays ar 
+ tranſmitted. 4 

The nature of our ſubje& forbids the intro- 
auction of any thing more geometrical, as what 
has been ſaid is ſufficient to explain the true na- 


ture and origin of theſe luminous points. We 


ſhall only add, that the ſtars which appear on 
the ſurfaces of ſpherical pellucid ſtones by a 


particular ſituation with reſpe& to the light, are 


generally nothing more than a number of theſe 
cauſtic curves proceeding from the ſame point. 
10 this perhaps may be referred the aſteriae of 
the ancients. 

(x) The cruſt of that ſtone which Born calls 


tions, ſometimes grows tranſparent in water, 
and is akin to the opals in its looſe texture, its 


not ſtriking fire with ſteel, in breaking ſmooth, 
and other external marks. Upon analyſis, I 


found it for the moſt part a pure filiceous earth, 
with a little clay, and an exceeding ſmall por. 


i fon of lime. | 


& iv. Of the Hydrophanow Steatite. 


Abd this mutability is chiefly Sd in 
the filiceous ſtones of a looſer texture, it muſt 
not be conſidered as peculiar to them alone. 
The conditions neceſſary for this purpoſe may 
n alſo 
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alſo be found in the other rides as we : hall 


here prove by an example. 


Ih) be ſteatites vary much, both in 2 * 
ſubtlety of parts, as is well known. In this ſpe- 
cies alſo, there ſometimes occurs a ſtructure of 


ſuch a kind as to admit water; and, as more 


than half the weight conſiſts of filiceous parti- 
cles, frequently pellucid, it may be eaſily un- 


derſtood how this may be rendered more tranf- 
parent: But the hydrophanous ſteatites, being 
loaded with magneſia, ſeldom attains the ſame 
degree of tranſparency as thoſe which conſiſt 
entirely of ſiliceous earth, which are alſo more 
hard, though they yield in beauty and variety 


of colour to the others. Dr Bruckman men- 


tions red, white, grey, and green ſteatites, poſ- 


ſeſled of this property: Theſe he directs to be 


prepared firſt by boiling in an alkaline lixivi- 
um, and then in vinegar. 


Experiments, if fafliciently multiplied; will 


| doubtleſs diſcoyer hydrophanous ſtones in other 
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EARTH OF GEMS. 
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E 1. Various Opinions concerning the Earth of Gems, 


"ROM the moſt remote ages, the tranſpa- 
rency, the ſplendour, the colour, and hard- 
neſs of gems, have attracted the attention of 
mankind ; ſo that, not only in the time of The- 
ophraſtus the Ereſian, they were dignified by the 
name of precious ſtones, but in our days, this 
product of the mineral kingdom is very dear, 
and not to be had but at an enormous price: 
M33 But, although it is very reaſonable to admire, - 
—_— - with Pliny, the perfection of their nature; yet, 
SE to the bulk of mankind, more ſolicitous about 
external glitter than internal perfection, they 
have rather ſuggeſted the idea of making them 
ſubſervient to vanity and luxury, than that of 
examining 
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_ examining their real perfe&ilons,” Their ſcarci. 
ty and extreme dearneſs fo a" very long time, 
prevented them from being accurately exami- 
ned; from whence it often happened; that the 
wealthy paid dear for their ignorance, purcha- 
ling the ſpurious or artificial gems as genuine. 
In the mean time, mineralogiſts included 


them in their ſyſtems; but, as they truſted too 


much partly to external appearances, partly to 
other fallacious marks, it was impoffible but 
they muſt diſagree about the arrangement; and 


certainly, ſo long as their analyſis was not un- 


derſtood, no man could (unleſs accidentally) 
allign their true places, as long as it was un- 
known whether their earthy baſe was ſimple 


and primitive, or compound and derivative. 


Such as rank the gems among faline bodies, 
regard chiefly their figure; but theſe men do 


not conſider, that determinate forms by no 


means depend upon ſaline nature, (although 
ſubſtances which are ſoluble in water, are in a 
particular manner diſpoſed to ctyſtallization), 


inaſmuch as metallic, inflammable, and earthy 


bodies, afford cryſtals, and thoſe not unfre« 
quently of a very beautiful kind; and, in ge- 


neral, the property of cryſtallizing ſeems to be- 


long to every ſolid body, provided its particles 
be ſo ſubtilely divided and ſuſpended, (either in 
the dry or the humid way), that, while they are 
again concreting, 05 may be at liberty to obey 


their 
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muth, cobalt, and other ſubſtances, aſſumes 


we are rather to truſt to occult principles, on 


: 
1 
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their mutual attraction, and aſſume a nen. 
cual ſituation. In ſalts themſelves, the ſpecies of 


figure depends not upon the acid, nor yet upon 
the baſe which is united to it. The vegetable, 
as well as the mineral alkali, with marine acid, 
aſſumes a cubic figure; but the ſame acid, with 
volatile alkali, terra ponderoſa, mercury, biſ- 


forms of a very different Kind. If, therefore, 


in this caſe, the acid has no effect, how will it 


act when it cannot be diſtinguiſhed by any ex- 
periment, but its. preſence is inferred by bare 
conjecture? The ſame may be ſaid of the baſe; 
for. each alkali, with different acids, yields dil- 
ſimilar cryſtals. . Alum and ſalited cobalt, when 
properly cryſtallized, yield octaedra, a figure 


which neither correſponds with the menſtruum 


nor the baſe ; and what are we to think of the 
pyrites, which occaſionally exhibit every one of 
the regular geometrical figures? But we have 


no need of multiplying” examples, if that be 


ciently demonſtrated, namely, that from a few, 
primitive forms of the ſame ſubſtance,” a great 
many derivatives, and thoſe very diſſimilar, may 
ariſe, : Theſe things being conſidered, 1 do not 
ſee with what propriety the diamond and the 
ruby are aſſociated with alum, of which they da 
not ſhew the lighteſt veſtige; but if, after all, 


this 
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this foundation we may make alum of ſalited 
cobalt, and the other octaedral ſalts. On this, 
hypotheſis, too, the cubic .diamond would be 
enumerated along with ſea falt z and that which 
is an hexagonal priſm, terminated at each end 
by three rhombi, among the ſchoerls. FOR, 
' Thoſe who rank the gems among vitreſeible 
ſtones, beſides various negative criteria of lefler 
moment, maintain that they have a gloſſy ap- 
they run into a pellucid glaſs; the former of 
theſe circumſtances is very fallacious, the latter 
indeed refers to a quality more eſſential. But 
we ſhall ſee hereafter, what experiments ſhew 
on this head. Hardneſs is, in general, but a 
very vague mark, as it often depends entirely 
upon the degree of exſiccation, the ſubſtance 
ſtill remaining the ſame, as appears ſufficiently | 
in ſoft clay, when well burned. - What fome 
call vitreſcent earths, others denominate. ſilice- 
ous ; but names change not the nature of things, | 
thoſe being the beſt which are adapted to it. 
In drawing up a ſyſtem of mineralogy, if the 
figure, texture, hardnefs, colour, tranſparency, 
magnitude, and other external appearances, 
were every where and always ſufficient to diſtin-, 
guiſh mineral bodies, this would perhaps 2 | 
beginners) be the moſt eaſy method; but it 
{till would not be the beſt, as theſe, properties 
of ee which are applicable to buran pur- 
poles, 
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with ſo much modeſty as to conceal his name. 
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. Poſes, are derived from the nature of the conſti- 


tuent parts, and but rarely from the external 
appearance. No one is ignorant how fallacious 
ſuperficial characters are, at leaſt no one who 
has the leaſt idea of modern mineralogy. But 
ſuch is the condition of man, that, when he is 
ted by the hope of ſucceſs to attempt impoſſibi- 


lities, a long time fe . he returns to | 


wiſdom. N * 

Among the moſt Wedel items e of minera- 
ley; the moſt perfect by far is that of the illu- 
ſtrious Cronſtedt, a ſyſtem which he propoſed 
In this all the ſubſtances are arranged according 
to their principles: If he fometimes conſiders 


' thoſe as ſimple, which, in reality; are compound, 


it is not to be laid to his charge, as theſe errors 
proceeded not from a defect in his plan, but 
from the want of a fufficient number of experi- 
ments: If he has not every where found out the 
right path, he always ſeeks it with candour, and 


deſcribes it with preciſion. Treading in his 


ſteps, I have for many years laboured in the a- 
nalyſis of the mineral kingdom, in queſt of the 


foundations for a ſyſtem of natural hiſtory, 


more expreſsly adapted to the improvement of 
natural philoſophy, and the enen we 1 
blic and private utilit x. 
In various little eſſays I have, in a curſory 
manner, mentioned the concluſions drawn from 
8 my 
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my experiments: In this place, I am eſpecially _ 
to treat of gems, in which claſs thoſe cryſtals 


only are generally ranked, which very much ex- 
ceed the mountain ht meg in hardneſs. | 


F II, Habitudes of the Gems examined byt the Blow- 
| ; Pipe. 


The tube which poldfiniths uſe for ſoldering, 
and which is employed by a few other artificers, 


is well adapted for experiments in mineralogy: 
Its uſefulneſs and convenience recommend it 
much, as I have at large mentioned in a treatiſe 


on that inſtrument. This is of the greateſt uſe 


in the examination of gems, .as 'the ſmalleſt 


pieces that can be taken up by a forceps (which 
in this caſe are ſufficiently expenſive) —_ lerve | 


for theſe experiments. 
It is neceſſary, at the very firſt, to aiſinguiſk 


the diamond from the reſt, as it is much harder 
than them, and alſo differs in other particulars. 
- Powdered diamond, expoſed to the flame on 


a piece of charcoal, ſoon grows white, but 
ſcarcely undergoes a ſenfible change, as it is 


difficult to keep up the flame conſtantly for ſo 


long a time as is neceflary to reſolve it into va- 
pour; while, at the ſame time, for fo long 'a 


continuance, it is ſcarce poſſible to avoid ſome 


1 bee. in the ur; which ol ſcat- 
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ter it about. In this reſpect, other gems entire- 
ly agree with the diamond. 

In order to obtain ſolutions of minerals by | 
tho vis ficea, IJ employ chiefly three different 
kind of ſalts, namely, an acid, an alkaline, and 
a neutral. I am not acquainted with any acid 
which can endure the fire upon charcoal, except 
that of the microcoſmic ſalt. This ſalt is neu- 
tral, but triple, containing both the volatile and 
mineral alkali. The phoſphoric acid, ſaturated 
with volatile alkali, cannot be brought to cryſ- 
tallize; which yet always happens, upon the ac- 
eeſſion of a proper quantity of mineral alkali, 
and the triple ſalt which reſults from hence, is 
commonly called microcoſmic ſalt. Upon fu- 
fion on the charcoal, this ſends forth its volatile 
alkali ; ſo that the portion of acid which had 
been before ſaturated with it, being now. ſet at 
liberty, is the better able to exert its effects up- 
on other bodies. I make choice of the mineral 
alkali well depurated; the vegetable, on account 
of its deliqueſcence, is leſs proper. Of late, I 
make uſe of borax, as being a ſalt nearly neu- 
tral, both the principles of which are fixed in 
the fire, and are much diſpoſed to vitrification. 
I have tried the effects of theſe ſalts upon the 
gems. The microcoſmic ſalt attacks them with 
difficulty, yet diſſolves them; and, with reſpe& 
to this ſalt, there is a remarkable difference be- 
tween the diamond and all the other gems; for 

4 
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a ſmall piece, or a very ſubtile powder of it, im- 


merſed in a globule of this ſalt in fuſion, during 


the fuſion immediately floats upon the ſurface, 
at firſt ſending forth ſlowly a few bubbles, 
which, upon continuing the operation, entirely 


ceaſe, If the apex of the flame be kept con- 
ſtantly on the powder, it is gradually diminiſh» 
ed, but is partly conſumed by the fire, partly 


diſſipated by the blaſt, and the reſiduum, which 


is very ſmall, perhaps diſſolved. The particles 
of the other gems enter into, and remain in the 


fuſed ſalt without efferveſcence: They wheel cir- 


cularly about with great velocity, and are by de- 
grees taken up, yielding water-coloured globules, 


unleſs when they are coloured, which, on vitri- 


fying, they ſometimes are, eſpecially when hot. 
Theſe gems, therefore, are fixed to the ſalts by 
a more powerful attraction than the diamond, 
which, on the contrary, ſhews a ſort of repulſion. 
The mineral alkali, fuſed in a filver ſpoon, 
[charcoal abſorbs it] takes up the ſmalleſt par. 
ticles of gems, and, notwithſtanding a long con- 


tinued flame, ſcarcely diminiſhes them yet the 


emerald is reſolved into a powder, but a refrac- 


tory one. The diamond ſeems to elude its force 


altogether, as will appear from what follows. 
Borax diſſolves them almoſt in the fame'man- 
ner as microcoſmic ſalt, but ſomewhat more 
quickly, and without any efferveſcence; but the 


diamond is more weakly attacked; To that, af. 
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ter a long · continued fuſion, the globule adheres 
to the charcoal; and the powder lying on the 
furface is in the mean time diſlipated. 
The powdered diamond, before it is his | 
ned, muſt be depurated by aqua regia ; for all 
that which is for ſale, abounds with heterogene- 
ous matters, as we ſhall ſee hereafter, (F111. B.). 
As the diamond exceeds all the reſt in hardneſs, 
as it is by fire diſſipated into ſmoke; and in all 
its habits differs from the reſt, which in general 
agree with one another; theſe ſhall in the future 
be ſpecifically e eee de wenne 


gs 544 4 
The habits: cee defcribed, cfpecially — 


with the mineral alkali, diſtinguiſh the gems 
very completely from the mountain ' cryſtals, 
which are not only taken up by alkali, but alſo 
with a vehement ebullition or efferveſcence: 
Thoſe artificially made, which conſiſt of an hy- 
aline, or coloured glaſs, immediately —_ 
themſelves, by fuſing without any addition. 
Hence it appears, that the diamond and the 
gems form genera as much diſtin& as quartz, 
garnet, ſchoerl, and many ſtones ; yet it re- 
mains to be examined, whether the earthy baſe 
of each be primitive or derivative; and, if the 
latter be the caſe, what fimple elements, and in 
what proportion, conſtitute it? Theſe queſtions 
cannot be anſwered but by the via humida, to 
which.7 we mall therefore have recourſe. 

2 . 8 un. 


or THE EARTH or GEMS. 122 


[ 


6 n 11. 1 to be EF Re, Diffcutie EE 


occurring in the A alli of Gems. 


In this examination many obſtacles occur, ; 


the chief of which we ſhall conſider ſeparately. 
(4) The dearneſs of the matter not only per- 


ſuades, but- obliges us to uſe ſmall quantities; 
and, in the operation, we muſt be very cautious 
to avoid the loſs or addition of any thing, as, in 


an experiment on ſo ſmall a quantity, the leaſt 
difference is of great conſequence, though, in a 
larger quantity, it might | be almoſt entirely ne- 
glected. 

(3) Pulyerizing the gems is attended with 
many inconveniencies: They are poſſeſſed of 
ſuch a degree of hardneſs, that they are in this 
reſpect ſuperior to all other bodies. When im- 
merſed, red hot, in cold water, they become 
ſcarcely more friable, though by this method 


the moſt ſolid mountain cryſtals are very eaſily 
comminuted. Struck by the hammer on an an- 


vil, the grains of mountain cryſtal ſplit in gene- 
ral, but the fragments often fiy about; and, as 


to the diamond, it frequently penetrates both the 


anvil and the hammer. The diamond-powder 


which is for ſale, contains heterogeneous mat- 
ters. From that which 1 got from the Baron 
Alſtromer, and which had been lately brought 


from Antwerp, aqua regia extracted 0,12, with- 
F 3 | out 
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out the ese of heat. The menſtruum, 


thus loaded, was yellow. Fixed alkali threw 


down a whitiſh powder, which, expoſed alone 


to the blow. pipe, melted into an opake globule, 
of a metallic appearance. This efferveſced with 


lime, with borax, and microcoſmic ſalt; but 


the globule, with microcoſmic ſalt, when loaded 


with a certain quantity, grew red on cooling, 


paſſing in a ſingle inſtant from the moſt ſplendid 


reddiſh tranſparency to opacity. There is no 


doubt but that this foreign mixture is owing to 
the inſtruments made uſe of; for which reaſon, 
the powd ered diamond 1s ſold at a ſmaller price 


than pieces of diamond ſo ſmall that they are of 
no uſe but for pulverization. | 


The other gems are much more eaſily com- 
minuted, and at length may be united with wa- 
ter. While the pure water is milky, it is to be 


carefully decanted, and freſh poured on repeat- 


edly, until by degrees the whole maſs has ac- 
quired ſuch a degree of ſubtilty, that it can re- 


main ſuſpended, though remaining at reſt for 
ſome minutes. The moſt extenſive ſurface poſ- 


ſible is neceſſary, that the menſtrua may be able 


to looſen the cloſe connection of the primitive 


principles; but, as the agate is much inferior, 
in hardneſs, to the gems, ſomething of the ſili- 
ceous earth muſt neceſſarily be abraded, even 
by the moſt gentle triture, which is mixed, and, 
although known as to its nature, nearly un- 


known 5 
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known as to quantity, unleſs by abi the 
veſſel exactly before and after, eſpecially if it be 
convenient to make e TO: ſmall 
quantities only, . Pp 
(c) It is not a lite difficult to procure fach 
veſſels as are fit for theſe experiments in the dry 
way. The common crucibles have rough ſur- 
faces filled with little holes, which hide a quan-- 
tity of the matter very conſiderable, where ex- 
periments are made upon minute portions; and, 
what is ſtill worſe, they conſiſt of argillaceous 
and ſiliceous earth mixed, which muſt render 
our concluſion fallacious and uncertain, - eſpeci- 
ally when fixed alkali is uſed. In order to dif- 
cover the effe& produced by this circumſtance, 
I made the following experiment: A ſmall Heſ- 
ſian crucible, exactly balanced, weighed 1,585 
aſſay pounds. Into this I put 100 of dry ſalt of 
tartar, and expoſed it for 37 minutes to a melt. 
ing heat; but, upon cooling, I found no more 
than 1,645 ; ſo that 40 pounds had flown off, 
owing, no doubt, to the aerial acid and the moi- 
ſture; the former adhering to the alkali, the lat- 
ter both to the ſalt and the crucible. - The fuſed 
pellucid maſs, at the bottom, at firſt reſembled 
a glaſs, but was by degrees obſcured by attrac. 
ting the -watery vapours from the atmoſphere. 
This 1 firſt "waſhed with warm water, which, 
when decanted off, formed a jelly. When well 
waſhed, firſt with vitriolic acid, then with warm 
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7 water, and dried, it weighed 12 lb. which, up- 


on examination, appeared to be altogether fili- 
ceous. The ſolution ' precipitated: by fixed al- 


kali, gave 6 lb. of earth of alum; beſides, the 
crucible was remarkably eliraded; particularly 


about the ſurface of the fuſed maſs. Hence the 
particles and fragments which were ſeparated i in 
the waſhing, when dried, weighed 10 lb.; but 
the crucible itſelf, well waſhed and dried, now 
weighed 1,594 Ib, which is greater than its 
weight when new ; Therefore, as 12 + 6 + 10 


* 28, and 1,585 — 28 = 1,557, and 1,594 — 


1,557 = 37, it is manifeſt, that, during the fu- 
fion, the fixed alkali had extracted 12 Ib. of fi- 
liceous earth, that is, nearly-y T its own weight, 


| and 6 of clay, or nearly 77 3 and that beſides 


the crucible retained 37 Ib. of fixed alkali, 
which covered the bottom with a vitreous cruſt 
not at all ſoluble in water. Theſe circumſtan. 
ces ſhew plainly, that we muſt not truſt to the 
crucible, in decompoſing the ſeveral genera of 
earths by the dry way, as it will ſuperadd hete- 
rogeneous matters, or at leaſt change the pro- 
bone of the principles. 

In the examination of quartz, I have fo many 
years 1 made uſe of the iron diſhes which are de- 
ſeribed in the Treatiſe de Terris Geoponicis. 


| It i is well known, that the common rods of this 


metal are of a parallelopiped form, two of whoſe . 
oppolite ſides are broader than the other two. 


4 
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I made choice of forged iron of the beſt kind. 


The rod I had cut into pieces of an inch in 


length; and on each of the broader ſurfaces, [ 


hollowed out a ſegment of a ſphere. In theſe 
cavities, when cleaned and poliſhed, I put che 


mixtures with alkali, and, by an iron cover, 
prevented the falling i in of aſhes and coals. 
alſo made trial of another metal, namely, plati- 


na, precipitated from aqua regis by ſal ammoni- 
ac, and afterwards fuſed by microcoſmie ſalt, 
and then formed, by hammering, into a little 
cup ; but the large pieces of regulus obtained 
this way were brittle; and none but thoſe which 

were very 1 ſmall, were fo perfectly fuſed as to be 
| malleable. The little cups made of this metal 
could therefore only contain a few grains; but, 


if they can ever be obtained of à proper ſize, 
they will be in all reſpects the beſt, as being in- 


fuſible by fire; and if, at firſt, they be ſufficient- 
ly boiled in marine acid, the maſſes afterwards 
fuſed in them will not be adulterated with any 
iron : They may indeed be elixated by any acid 
menſtruum, except aqua regis. 
If the mineral earths are fuſed in iron diſhes, 

by means of alkaline ſalts, a conſiderable quan- 
tity of the iron is mixed with them, which ren- 


ders the ſeparation of their primary principles 


extremely difficult; but, by a proper regulation 
of the mon of * the deſired end may be 
| obtained 
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obtained without any. inconvenience, as we ſhall 
IX nn ſee. z ' 5 


(o) In theſe 8 it is "etal to 
5 the menſtrua much purer than they are 


generally found. The vitriolic acid which is 
for ſale, is adulterated with a variety of hetero- 


geneous matters, and, among others, ſometimes 
with gypſum and vitriol, which occaſions a con- 


ſiderable difference in inquiries ſuch as ours. 
No other, therefore, is to be employed but ſuch 
as has paſſed. over from a low cucurbit * a 
gentle dite. 


The other acids, too, require to be 8 
by a peculiar diſtillation; for it is particularly 
neceſſary that they be freed from all earthy or 


metallic mixture, as ſuch muſt confound the 


quantity and quality of the principles which are 
N by the analyſis. 


The common alkali of tartar is always adul- 
terated with ſiliceous atoms, the weight of which 
frequently amounts to o, oa: Theſe in the ſtrong 


acids immediately are ſeparated, but, being uni. 


ted with the alkali, remain in the watery ſolu. 


tion until the menſtruum has attracted aerial 


acid from the atmoſphere, which proceeds very 


- lowly ; for this reaſon, in experiments which 


require much accuracy, I uſe no other alkali 


than the mineral well depurated, or the vege- 


ws extracted by diſtilled water from cream of 


2; De tartar 
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tartar in a well-burned glaſs veſſel; which mani- 
feſts no figns of een earth. 


1 75 IV. Power 5 Arid: in decompoſing the Gems. 


There are only yet diſcovered five ſpecies of 
earths, which are ſo ſimple that they cannot, by 


any means hitherto known, be reſolved into 


more ſimple ones, nor be tranſmuted one into 
the other. Theſe are therefore called primitive 
earths, and that with juſtice, until new experi- 


ments evince the contrary, Theſe are terra 


ponderoſa, lime, magneſia, argillaceous and fili- 
ceous earth. It cannot be denied, that it is not 
altogether without probability ſome imagine 
that the number of theſe earths ſhould be dimi- 
niſhed, conſidering them all as modifications of 
one; but, in the explanation of nature, we muſt 


not ſp far indulge conjecture, as to ſuffer the 


vain phantaſms of imagination to prevail over 
phaenomena confirmed by conftant experience, 
and not impeached by a ſingle experiment, 
when made with accuracy. Four of the above 
mentioned earths are ſoluble in certain acids ; 
the fifth alone rejects all acids, except that of 
the mineral fluor, If, therefore, ſome af theſe, 
in greater or leſs number, be united into one 
maſs, chemiſtry is able to ſeparate them all by 


the uſe of appropriated menſtrua : Enlarging 


the ſurface of contact aſſiſts the action of the 
menſtruum 
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to be attributed to iron, the quantity of which 
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menſtruum very much; the earth muſt ins! 


fore be reduced to a very ſubtile powder: Some 
times, however, mechanical diviſion is not ſuffi- 


cient, and the operation mult be performed 
chemically, which, in the preſent inſtance, is 


done in the dry way, by means of an alkaline 
falt, which, by attacking the ſiliceous earth, 
looſens the connection of the principles. To 

what degree the uſe of mechanical pulverization 
alone may be carried, we ſhall ſoon ſee: 

Q Vitriolic acid did not attack the diamond 
in any way in which I have hitherto employed 
it; but 1 muſt confeſs, that I made uſe only of 
very ſmall portions; I choſe the ſmalleſt frag- 


ments of the thinneſt lamellz, being very rea- 


ſonably diſtruſtful of the powder which is for 
fale. A double weight of vitriolic acid, highly 
concentrated, added to a very ſubtile powder of 
the other gems, and afterwards diſcharged, by 


boiling to dryneſs, operates very powertully ; 


for the reſiduum, elixated with warm water, 
yields not only a metallic colouring ſubſtance, 
but a ſmall portion of lime, The metallic part, 
precipitated by a phlogiſticated alkaline lixivi- 
um, yields a beautiful Pruſſian blue; ſo that 
from hence it clearly appears, that the red co- 
lour of the ruby, as well as the blue of the 
ſapphire, the yellow of the topaz, the tawny of 
the hyacinth, and the green of the emerald, is 


I 
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I determined by that of che blue precipitate. 
As I have elſewhere (5) demonſtrated,” that ſix 
parts of the Pruſſian blue are obtained from one 


of the diſſolved iron, I precipitated the calcare- 
ous matters with an alkali; and it was found ſ 
pure, that, with vitriolic acid, it did not ſhew 


the ſmalleſt traces of argillaceous earth, except 


in the decompoſition of the ſapphire. Below 


are found the quantities extracted from 10 
aſſay pounds, expreſſed in min parts, r 
rr. great EN Os OM 1 - 
Keel lime, Tron! 

The raby, red dc. oriental 9 — 10 
— pies TRY oriental 2 — 

_ =" topaz, yellow Saxon 506 2b 1c 
'** hyacinth, tawny - - oriental 20 — 13 
| emerald, green RF oriental, YE 5 


f g $. 
At * * q * hs - Fg" & 


ba By this method all the sh pack 40 
iron are extracted, as will appear hereafter. 


(2) Concentrated nitrous acid, by digeſtiom 


and decoction, yielded nearly the ſame reſult. 


I uſed eight times the quantity of this men- 

ſtruum, continued the "digeſtion for two days/ 

and the boiling for an hour. I cantioully de“ 

canted off the clear liquor, and poured on agaiif 

the fame quantity of menſtruum, digeſted, and 

1 3 it. eee 4 0 [ pee rice 
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| more, and then hopped, as the laſt liquor cone 
tained very little diſſolved matte. 


+ Theſe liquors, collected and precipitated, gare 


As the ſame reſult as mentioned in 4, at 


leaſt with regard to the lime; and, in the iron, 


the difference never exceeded 0,02. The ni- 


trous acid, eſpecially when aſſiſted by heat, de- 
phlogilticates the iron, and, in that caſe, takes 
it up with great diffculty: Hence too, in this 


experiment, the iron was mixed us a little 
ochre. 


The diamond rejects this menſtruum. as ; well 
the former. 

() 1 employed the concentrated marine, as 
well as nitrous acid; and with the ſame ſucceſs, 
except that it extracted the iron better than even 
vitriolic acid, but the difference did not Food | 
„% I 

We ſee, thee, that from the gems pro- 


.  perly ſo called, a ſmall quantity of lime and iron 


may be extracted by acid menſtrua ; but, as 
what is extracted ſcarcely amounts to + of the 


Whole, and, after the ſeparation, the reſiduum is 
nearly of the ſame nature as before, I began to 


conjecture that the extracted part is accidental, 


and that the reſiduum conſtitutes the particular 
primitive earth; and this is an opinion which I 


haye publiſhed in other works. In the mean 


time, however, the few veſtiges of argillaceous 


unn which are extracted from the ſapphire, and. 
| which 


— 
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which ſometimes amount to o, oa, ſtarted a 


ſcruple of great weight; as I had often before 
experienced, that bodies which, notwithſtanding 


the moſt ſubtile mechanical pulyerization, ap- 


pear inſoluble, yet, upon being diffolved in an- 


other menſtruum, are afterwards actually taken 
up by the very menſtrua which before were in- | 
effectual: 1 therefore tried in many ways to ef-. 


fect my purpoſe. One part of alkaline ſalt, by 


means of a due degree of fire, reduces two parts 
of quartz or flint to a tranſparent ſtrong glaſs; 


but, as the proportion of ſalt is increaſed, the 


glaſs becomes the worſe, and is not only corro- 
ded by acids, but, if it contains a double quan- 
tity of ſalt, deliquiates in the open air. By this 

method a glaſs may be had ſoluble in water. 


The gems could not heretofore be reduced to 


tranſparent maſſes by means of alkali, and a qua- 
druple quantity of falt is requiſite to make them 


coaleſce in fuſion to a certain degree; but, as 
this operation cannot ſafely be performed but in 


iron veſſels, in which caſe the maſs not only ad- 


heres obſtinately to the veſſel, but is at the ſame 
time loaded with iron, this method is liable to 


great inconveniencies; but, upon trial, I haye 
found that fuſion is not neceſſary, an d that ths | 
purpoſe is equally anſwered, if the quantity of 


alkali be ſuch that the particles may coaleſce by 
an incipient fuſion. Hence. reſults a method 
which I have found extremely convenient in the 


examination 
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examination of minerals, the application & 
which to the 1 1 am now to deſeribe. 2 


50 ef ep hoy 
0 , 


Fs. v. * thod by which the Provimate Privijts 
oC Gems are e ng eaftly mined. 880 


aka The gems are to be benden to a 4 
ſubtile powder, which may be e were by! tritu· 
ration and elutriation. 

() A determined weight of this eder 1 
f larger the quantity the better) is to be mixed 
with double its weight of depurated mineral al- 
kali, W has EO ere calcina- 
tion. 

(o) Let the mixture be put into init diſh, 


the inſide of which ſhould be ſmooth and polith- 


ed, leſt the ſmall pieces, which by calcination 
eaſily ſeparate from the metal, be mixed with 
the contents of the veſſel. 

(p) Let the diſh be placed in a wind furnace; | 
on a tile, and covered by an inverted cruct- 
ble, to keep off the coals and aſhes. a 

() Let it be kept moderately hot for os 


or four hours: If the heat be too great, the maſs 


adheres to the bottom of the veſſel. A blaſt is 
not to be employed, leſt an iron n ould "_ 
0c go off in ſcoriz. 

The firmneſs and Wat of the maſs, ay 


us being eafily ſeparable from the vellel, with- 


out Ty A ſhew that the fire has been 
properly 


— 
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oraperly regulated; which may be eaſily learned _ 
by a few trials, | args A 

(r) Let the maſs, carefully ſeparated 
the veſſel; be powdered in an agate mortar ; 
and let all that is ſoluble be extracted from it 
by marine acid, in a digeſting heat. 

That nothing more remains to be ee 
may in ſome meaſure be judged by the light 
and ſpongy nature of the reſiduum, but more 
certainly by the addition of a new portion of 
acid, which, when digeſted for ſeveral n | Di 
does not take up any thing. 2 1 | 

(a) The ſolution being finiſhed, the cout 
is collected and waſhed well, dried, and weigh- 
ed. The deficiency of the former * deter: 
mines the quantity diſſolved: 

(#) The ſolution is yellow, which diene 
the preſence of iron: This is yet more certainly 
manifeſted by an alkaline phlogiſticated lixivi- 
um; and therefore the ſolution ſhould be firſt 
precipitated by this, properly ſaturated. The 
Pruſſian blue is collected, waſhed, and dried; the 
ſixth part of which indicates the quantity of iron. 

(1) The earth, freed from all the metallic 

parts, is precipitated by a fixed alkali, purified 
completely from filiceous earth. Let the preci- 
* pitate waſhed, dried, kept red hot for half an 


hour, and then weighed, - be plunged into fix 
„times its weight of diſtilled vinegar, which in 
the cold, in the ſpace of an hour, will diſſolve 
Vor. "oy 0 | all 


_ 
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all the lime, magneſia, or terra ponderoſa which 
is preſent, but does not take up any confiderable 
portion of clay, unleſs by a long digeſtion. 

(xk) The vinegar filtered yields to an aerated 
fixed alkali all the earth which it held diſſolved, 
which muſt be edulcorated and weighed. ' I 
mention particularly an aerated fixed alkali, as 
ſuch an one precipitates even terra ponderoſa, 
which eludes the cauſtic alkali. 

(1) The nature of the precipitate thrown 
down from the vinegar, is next to be examined. 
Tf this be put into. diluted vitriolic acid, the 
middle falt generated will readily determine the 
baſe; for, with terra ponderoſa, this acid gene- 
rates ſpathum ponderoſum inſoluble in warm 
water, though a thouſand times its quantity. 
With lime it produces gypſum, which excites 


- | ſcarcely any ſenſation of taſte, and diſſolves in 


five hundred times its weight of warm water, 
but is immediately thrown down from this ſolu- 
tion by acid of ſugar, in the form of ſaccharated 
lime. With magneſia it forms Epſom ſalt, ex- 
tremely bitter, ſoluble in its own weight of 
warm S and W deſtructible by 1 9 
Water. | 
(1) The 1 collected (o) muſt alſo be 
examined, which is beſt done by the blow- pipe. 
Theſe reſidua, in ſmall portions, muſt undoubt - 
edly be very minute, and therefore ſhould not 
de treated in large veſſels: Beſides, the ordina- : 
17 
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y erutibles ate by no means fit, where Glicevut 
earth is concerned; nor are veſſels of iron ſafe. 
ly to be uſed, as fuſion is neceſſary, ($ 11. c.). 
Theſe infoluble refidua are found to conſiſt ei- 
ther of particles of gems not yet ſufficiently di- 
vided; or of ſiliceous earth, as all the other 
earths yield to the force of the acid. 
This: operation is eaſily performed by the 
blow. pipe, in the following manner: Let a 
piece of mineral alkali be fuſed in a ſilver ſpoon, 
and to it be added a ſmall quantity of the refi- 
duum; the circumſtances of their union are 
then to be carefully obſerved; for, if the reſis 
duum enters the fuſed alkali with a vehement 
efferveſcence, and is all quickly diſſolved, it is 
truly ſiliceous; but, if it enters without effer. 
veſcence, and afterwards continues rolling a- 
bout in form of a powder, (which, as the fuſed 
maſs is tranſparent, may eaſily be ſeen), we may | 
conclude that there ſtill remain in it err 3 
N of the gem. | | 
(*) The reſiduum mentioned 0 Te been 
ae to be argillaceous ; but to demonſtrate 
this, let it be treated with thrice its weight of 
concentrated vitriolic acid, fo that the liquor 
may evaporate to dryneſs ; the remaining maſs, 
if the baſe be argillaceous, will diffolve in twice 
its weight of warm water, produce a ſweetiſh 
aſtringent taſte in the mouth, yield octaedral 
cryſtals, be 9 ger by cauſtic vola- 
Ge - tile 
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bi als alkali, and exhibit” ths e ee * 

N 3 is eee ee 
55 vr. | Prana buche 1 the Gems. . 
1 1250 . the; gems in . manner 0 
ah deſcribed. - The reſiduum of I found 
 - purely ſiliceous ; the precipitate of H, a genu- 
1 ine Pruſſian blue; that part diſſolved by diſtil- 
== led vinegar in k, wholly calcareous; and what 
FELT remained undiſſolved, argillaceous; 3 fo that J 


fertain no doubt concerning the quality of 


= proportions, many experiments are neceſſary to 
1 determine that point; for I have only uſed very 
5 ſmall quantities, not exceeding an aſſay hun- 


cryſtal twice De a difference occur- 
red ſcarce exceeding 238 but different cry- 
ſtals, v. g. different rubies, differed more, even 
to 0,07. Doubtleſs in every ſpecies the pro · 
portions may vary a little, within certain limits, 
An yet remain to be diſ covered. 
Here follow the mean quantities edel 
Ti each 100, according. to my experiments. 


of all of them, I have arranged them een 
Ii the Want of that We, ul 125 35 
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j \ | N 5 he principles. As to the quantity and relative 


dred. Upon ſubjecting the matter of the ſame 


As the argillaceous earth forms the largeſt part | 
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of alum, which is found in all clay mixed with 
ſiliceous powder, (S v. N.). By ſiliceous earth, 
I underſtand ſuch as principally conſtitutes pure 
quartz, mountain cryſtal, and flints, (§ vII. ). 
The numbers in the third column point out 


aerated lime. A doubt may indeed be ſtarted, 


whether it enters into the compoſition pure or 
aerated: If the latter be the caſe, the cloſeneſs 
of its connection with the other principles, and 


the ſmallneſs of its quantity, which never ex. 


ceeds +, and is in general leſs than 25; may be 
ſufficient! to prevent any diminution: of weight 
in the fire, or any -viſible efferveſcence with az 


cids; but the deficiency of weight which/never- 


theleſs occurs, ſeems to indicate that it enters 


the compoſition aerated. Out of 100 parts, one 


or two are eaſily diſſipated in the various ope- 


rations in different veſſels and filters, which ac. 


counts for ſome of the deficiencies in tlie above 
table; but 5, 8, and much leſs 12 parts, could 
not eſcape proper accuracy in that analyſis, 

e which 
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which laſt ul be the caſe in the decompoſi- 
tion of the hyacinth, on the ſuppoſition that the 
lime was preſent, free from aerial acid. 1 could 
obſerve nothing volatile, after an expoſition of 
ſeveral hours, to a white heat ; nor upon the 
addition of acids is any thing | ſublimed while 
they paſs over into the receiver. | 

The laſt column ſhews the -quantity of . 
lic iron, which, diſſolved in acids, and precipi- 
rated by phlogilticated alkali, yields a quantity 
of dark Pruſſian blue equal to that obtained 
from the ſeveral gems reſpectively, (8 v. u.) 
Now, the i iron is here preſent in a calcined ſtate, 
and this metal, like others, has its weight in- 
creaſed by calcination, ſometimes amounting 
even to o, 36: Hence it follows, that the quan- 
tity of martial ingredients 18 ſomewhat greater 
| than is denoted by the numbers ; and this me- 
tal gives birth to different colours, not only 1 in 
proportion to its quantity, but its quality, chat | 
is, the quantity and modification of the es 200 
giſton remaining in the calx. 

From the above, it may alſo be colledted, 
mat the gems agree in this reſpect; that they 
all conſiſt of the ſame principles; and that of 
theſe, the argillaceous earth forms the greateſt 
part, then the ſiliceous, next the calcareous, 
and leaſt of all the iron. The two firſt nere 
dients vary „ 


25 * 723 
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| The knowledge of the principles muſt neceſ- 


ſarily throw ſome light on the properties. Theſe 


gems exceed all other bodies in hardneſs, the 
diamond excepted ; and we find upon analyſis, 


that they abound in argillaceous earth. Hence 
we may form ſome judgment of the prodigious 


degree of exſiccation requiſite to occaſion ſuch 
a degree of hardneſs, The heat of the tempe- 
rate zone is found inſufficient for this purpoſe, 


and the more conſtant and intenſe heat of the 
tropical climate is requiſite. Condenſation is 


the neceſſary conſequence of this hardneſs: 
Hence the gems are more ponderous un as 


other earthy cryſtals. _ 
The gems, except emerald and 3 re- 


fiſt the moſt intenſe fire; yet we know, that the 
ruby has been ſoftened in the focus of a burn. 


ing mirror. Experience alſo ſhews, that the 


four principles of which they are compoſed, ac. 
cording to their various proportions, form mix. 
_ tures with very different degrees of fuſibility. 


Fixed alkali attracts ſiliceous earth very power- 


fully, but ſcarcely acts upon argillaceous earth 


or lime: Hence it is with difficulty it acts upon 


the gems, in which not only the ſiliceous earth 
is in ſmall quantity, but is alſo cloſely united 
with the other principles; yet, in the emerald, 
which is inferior in hardneſs to the reſt, the 


looſer texture permits the alkali to attack the 
en earth more readily; dennen when ex- 


- UN G 4-7. poſed 
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poſed to the blow. pipe with this falt; it is re- 
ſolved into a powder, with a momentary effer- 
veſcence. The microcoſmic ſalt diſſolves lime 
and argillaceous earth very well, but hardly the 
ſiliceous; ; yet, as this is but in ſmall quantity, 
by means of the former the latter is taken up, 
though flowly. Finally, borax, which, in the 
dry method, ſtrongly attracts all the principles, 
| diffolvey their combinations more oy an the 
more falts. 

The ſame kind of delay which the ale: 
ous and calcareous earths occaſion in the action 
of fixed alkali, by covering the ſiliceous earth, 
does the cloſe union of that earth with them oc- 
caſion to acid menſtrua; ſo that, without ſome 
previous preparation with alkali, ſcarcely any 
thing can be extricated, ergept the lime and one 
ele part. | 


N Fd 


8 VII. 2 allied to the Gem. 


ion confuderici what has im 4 I be. 
lieve no one will deny, that, in a ſyſtem of na- 
tural hiſtory, the gems belong to the tribe of 
compound argillaceous ſubſtances ; but, as na- 
ture operates by inſenſible degrees, it will not 
be improper. here to conſider other cryſtals 
which are nearly related to the gems ; for, by 
increaſing the proportion of ſiliceous earth, a 
Ca number of 9 compoſed of the 
ſame 


* ws a * „ ne, 
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fame materials, will appear, differing from them 

more or leſs. To this claſs belongs a numben 
of ſtones, ſuch as garnet, ſchoerl, zeolith, and 
quartz: The two former of theſe, examined in 

the ſame way as the gems, (S v.), exhibit the 
ſame principles; but in thoſe the ſiliceous earth 
predominates over the argillaceous; yet is the 
connection of the principles ſo cloſe, that the 


garnet always ſtrikes fire with ſteel, and the 5 2 | 


ſchoerl not unfrequently. Theſe are followed 
| -by the zeolith, the texture of which is ſo lax, 
_ that acids ſeparate its conſtituent paris, without 
any other previous preparation than a mechani- 
cal pulverization. The Zeolith very ſeldom, 
ſtrikes fire with ſteel, yet is ſometimes found 
hard enough for that purpoſe. Such is the 
white zeolith of Mount Moeſſeberg in Weſt 
Gothland, and the green in the gold mine at 
Adelfors: It is alſo very ſeldom tranſparent. 
The quartz forms as it were the extreme link 
of. the chain; for this abounds ſo much with 
ſiliceous earth, as almoſt to conceal the other 
principles. If the analyſis be attempted with a 
double quantity of mineral alkali, it is extreme- 
ly difficult to moderate the fire ſo as to prevent 
fuſion; the ſalt muſt therefore be reduced to 3. 
If the menſtrua be afterwards employed in 
the manner deſeribed for the gems, very little 
clay or lime is obtained. I am not certain whe- 
* there be any mountain PO entirely ſili- 
Ceous, 
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ceous,” which perhaps may be the caſe. I have 
long fance declared, that I did not diſcover any 
argillaceous earth; but, at the ſame time, I ob- 
ſerved that the experiment was imperfe&. 
It will be proper to conclude, by eſtabliſhing 
the characters of the ſtones which have been ac- 
curately examined, (for the benefit of minera- 
logiſts), and, at the fame time, to m__ Wy 
pas and connections. 

We ſhall firſt define thoſe which W to 


wo we claſs of argillacea; concerning which, 


though the chief circumſtances have been al- 
ready mentioned, I think it fit to repeat them in 
a eompendious- ys _ en ow on to the 


e O. 


Re ſmall e ng this, expoſed on 8 to 
the blow. pipe, does not flow; but, by a very 
long continued flame, the hyacinth and emerald, 


to which we may add the aqua-marinus and the 
cryſolith, are ſoftened and rendered opake. 


Fuſed with the mineral alkali in a ſilver ſpoon, 
no efferveſcence is obſerved, nor any diminu- 
tion, except in the emerald, the aqua-marinus, 


and the cryſolith, which are as it were upon the 


confines of the ſchoerls: Theſe are reſolved in- 


to a powder, but a refractory one, which re- 
volves in the globule of * without 007: ſenſi 


mn %%% 107 3420. $84 | 
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| None remains undiſſolved. 
In general, the gems eofiſd Be an eue, 5 
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- It is diſſolved, though flowly, by the micro- 
coſmic ſalt, without any commotion. Glass is 


not/tinged, unleſs by the red ruby,” which co- 
lours it of a beautiful green: It remains nearly 


tranſparent with the reſt: With the hyacinth 


and emerald it grows opake upon cooling. 


With borax, it diſappears à little ſooner. An 


addition of lime aſſiſts the ſolution, which was 
firſt obſerved by the celebrated D. Quiſt, and 


| en ee well no its N << 


tion. 
"The acids; by = Geektion, Sa a fimall 


portion of the lime and iron; but, if the gem 
has been previouſly treated with alkali, they al- 


ſo take up che clay ſo that pans e 850 


8 


bus earth, which forms the greateſt part; then 
filiceous earth; then lime; and, finally, iron 


variouſly modified. The proportions of each 


ſpecies muſt be determined by à great number 
of experiments. It alſo remains to be determi: 
ned, whether the various colours of each ſpecies 
occaſion any diverſity; and whether the hexa · 
gonal or octaedral priſmatic form conſtantly in · 
dicates my e nner in; the: . 
tion. 4 

The 8 is . * an \ oftaedral hols 
ſometimes, too, accidentally, ſchoerlaceous. A- 
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nalyſis has not yet datermined the pros 
of any priſmatie ruby. 6 


The ſapphire is basti auen erytalized 


| like quartz; ſometimes it bears the form of an 


oblique parallelopiped; EO, 7 as Wen 
relate, it is octaedral. rot 4.4; 

The topaz Aub monly affect alikert a eh or 
r eee, in ſuch a manner, however, 


that the figure is ſeldom complete; but the 


number of ſides is augmented by the defect in 


the priſm itſelf, and FSH; in the mar 
of the plane extremitʒ. . 


Ihe hyacinth alſo exhibits a 3 p film, 


but terminated by a pyramid, (tab. i. fig. 4 1 


The emerald is generally an Ae dach en 
truncated at right angle. 


No perſon devoted to the ſtudy of ane 


ſhould forget of how little: conſequence external 


marks are, eſpecially as ſtones ; by triture be. 
come ſhapeleſs, or at leaſt irregular. Science 
has much to expect from the analyſis of cryſtals, 
both of the ſame and different figures; although, 


before the compoſition can be examined, they 
muſt” ber een pat a wy * aura! | 


f 4 „ 


Sund fn. Th 6 
The toockts of as is "—__ Aarti 


by the hardneſs ; and by that quality particu- 
larly, together with the clearneſs, has their good- 
neſs been eſtimated. | The ſpinellus is particu- 


larly worthy of 2 88 which 1 is not only 
powdered 


| powdered by the ſapphite;i-bur even by the to- 
paz; as alſo the cryſolith, which is broken 
_ down by the mountain cryſtal, the hardneſs of 


which ſeems rather.to be owing to the degree of 
exſiccation than the proportion of ingredients. 


The analyſis of ſpinellus, of cryſolith, and other 


varieties, will ſometimes illuſtrate the true con- 


nection; otherwiſe, after the diamond, the firſt 
degree of hardneſs belongs to the ruby, the ſe- 
cond to ſapphire, third to the topaz, next to 


which comes the genuine unn and, fourth, 
the emerald. : 


Formerly, can was 8 cooked? In ; oe 


| 1 now, neither can a red characterize the ruby, 


a blue the ſapphire, a yellow the topaz, or a 


green the emerald. 
The ſpecific gravity varies 10 5 chat Cont 


it nothing certain can be determined concerning 
the ſpecies ; but the topaz is generally moſt 


weighty, from 3,460 to 4, 560; the next is the 
ruby, from 3,180 to 4, 240; then the ſapphire, 
from 3,650 to 3, 940; and, finally, the emerald, 
from 2,780 to 3,711.: Among the varieties of 
which laſt, the cryſolith is moſt ponderous. 

o 


..& ſmall piece expoſed to. the flame flows 
. without ebullition, ſometimes into a green pel- 
lucid globule, ſometimes into a black cane * 
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5 With mineral alkali it reſolves into a refrac- 
0 tory powder ſo ſlowly, that ſcarce any efferveſ- 
cence is obſerved: When the iron 1 
nates, the maſs grows brown. 

With microcoſmic falt it diſſolves, * 
any appearance of bubbles, yielding a glaſs, 
which is green or W if much i iron be . 
8 

With borax the ſame circumſtances take 
* | 

The acids extract ſcarce any thing more An 
the lime and iron; but, after preparation with 
alkali, they alſo take up the clay, which 255 
ſeparated, the ſiliceous earth remains alone. 

Ihe ſiliceous earth forms the greateſt part; 
next the argillaceous ; ; the calcareous is in * 
ſmaller quantity. 

The iron varies much; the pellucid TRY 
contain about 0,02 ; the 9 and black fome- 

times fo far as 0,2: Lead is ſeldom preſent. 
The cryſtals which contain tin, called zingrau- 
pen, are nearly allied to the garnets. 

The form, when complete, is dodecaedral, 
conſiſting of equal rhombi: This may be con- 

_ ceived as an hexagonal priſm, terminated at 
each end by three rhombi. It ſometimes puts 
on the hyacinthine form, though but ſeldom 
complete, eſpecially when loaded with tin: The 
varieties are manifold ; the internal texture is 

laminated, though not conſpicuouſly. 


It 
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It yields in hardneſs to the _ dat pee 
we mountain cryſtal. lic it 

The colour of pellueid garnet is "bl W 
times more or leſs verging to yellow, ſometimes 
to violet: That of the opake i is N 17924 or 
blackiſh. 1555 

It approaches cine to the topaz in Decide 
gravity ; and, when copiouſly loaded with. iron, 
ſcarcely e 15 vrng from 3.600 to 8 | 


- The Saleh 


A ſmall piece expoſed to the lime foams 
flightly, and grows ſoft, but can ſcarcely be col- 
lected into a globule, as is the caſe with the 
turmalin of Ceylon, which is akin to this, as 
alſo with the ſquamous ihoerl, + horn- 
blend. | 
With the mineral alkali fr reſolves into a 
powder, with a flight and almoſt ny. 
efferveſcence. 

With microcoſmic ſalt it diſſolves with a flight | 
efferveſcence; and, on the addition of a greater 
quantity, the globule begins to grow opake. _ 

With borax the caſe is the fame; but the 
globule remains clear, unleſs made backen * | 

a large quantity of iron. | 

By long digeſtion the acids extract the "PE | 
reous earth, the metallic part, and even a great 
ry of the ys ; 1255 by previous prepara- 

| tion 
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tion with alkali, the more ſoluble parts el . 


from the ſiliceous earth. 1 
Ihe ſiliceous earth is in eee ee | 
entity than in the garnet; the argillaceous 


is next in order; laſt, the calcareous. The 


martial ingredient forms about 0,04 in the pel- 
lucid cryſtals; in the opake, particularly the 


black, it ſometimes amounts to o,2. 


Its cryſtalline form, when complete, is THe 


| ſame with that of the garnet, only the priſm is 


more elongated ; but it is very. ſeldom found 
perfect: Hence the defect of apices and priſms 
of a greater number of ſides. The angular 


longitudinal excavations are doubtleſs the ve- 
ſtiges: of cryſtalline ſpiculz formed at the ſame 
time ; the horn-blend is. generally found con- 


creted into ſquamous ſquare lamellz'; the tex - 
ture is ſpathaceous, N not always an 
cuous. bw 

It ſcarcely exceeds the mountain cryſtal i in 


5 bardneſs; ; but the priſmatic may often be cut 
5 by a knife; the ſquamous always. 


The lou of the tranſlucid cryſtals, is yellow 
or brown, but r green; the opaque 


black or green. 
It is nearly equal in ſpecific eravity to the 


garnet, between 3,000 and 4,000 ; the clear 
eryſtals are generally lighter. _ | 
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6 final piece 3 as 6 33 3 ma | 

like borax, with, the greater vehemence in pro— „ 

portion as it is more cryſtalline; it finally goes 

off in a ſpumous'ſcoria, and can very ſeldom be 

brought into a globule: A few varieties of it 

ſhow a momentary expanſion of volume, and 

that without, any_ebullition.', _. - © _ + 

4 With the microcoſmic ſalt it ſwells in dif EE 
ving, but flowly, a and the globule remains clear | | 
With borax it diflolves in the ſame manner. 
- The acids extract every thing that is ſoluble, 

. 1 0 previous preparation with alkali, Day 

ſometimes they reſolve it into ajelly;. :/: 
Ini this, too, the ſiliceous earth is more — 

dant than the argillaceous; the calcareus makes 

the. ſmalleſt part; W irn ſearcely ed 

„%. 5 to „„ f tu Bil e 
The form of che W - op is ſelday A 2” 

generally. an imperfect Pyramid. : : Many diverge 

from the ſame. point, with broad ex extremities, 

5 and often coaleſce into ſmall ſpheres, al xc 


Is. hardneſs. is ſeldom, ſo great as to ſtrike 


fire whth flint; e it 94 not 9 cut 


"The Sas white ve rl ſomerimes green, 
very; ſeldom tranſparent. 855 


44 


It is not of great, ca graviey, ſearc _ 
ceading HI HAS TH 18 . 
, H 5 From | 
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From: what has been faid, it plainly appears, 
that the garnet, the ſchoerl, and the zeolith, are 
united in the ſame degree of affinity as the ruby, 
the ſapphire, the topaz, the hyacinth, and the 
emerald; yet, in ſyſtematie arrangement, the 
three belt named are ptaced not only under dif. 
ferent genera, but often under different orders: 
The hardneſs increafes in proportion to the clay. 
From the zeolith, through the ſchoerl, to the 
garnet, we may follow the natural chain, by de- 
ſcending through the ſaxum trapp. to the mar- 
ga. In this there occurs no more than'a me- 
chanical mixture. Every clay which I have had 
an opportunity of examining contains filiceous 
particles, finer or coarſer, mixed with it, but 
always exceeding the weight of half the "maſs, 
frequently amounting to 0,7, nay to o; it is 
generally alſo mixed with iron, from o, og to 
0,20. Let us now ſuppoſe the acceſs of alittle 
ealcareous earth, and we ſhall have the marga, 
which is diſcovered by an efferveſcence in acids, 
although the calcareous earth. does not exceed 
0,02. In the ſaxum trapp. analyſis diſcovers 
the ſame principles; not ſeparate, as in'the for- 
mer caſe, but united, and that not merely by 
induration, but by a ſpecies of rude cryſtalliza- 
tion; for the microſcope diſcovers the texture to 
be ſpiculated or granulated. Suppoſe this to be 
_ reckoned among the ſaxa, the diſtinguiſhing 
OY of which 1 is to exhibit ron? of dif. 
ferent 
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ferent natures, diſtinguiſhable by we eye; it 
will at leaſt be found the moſt ſubtile of mecha- 
nical compoſitions, and conſtituting à link of 
the chain which unites the, faxa with thoſe 
which, although compounded, are yet ſo ho- 
mogeneous and concreted, by the attraction of 
their parts, that the eye, even aſſiſted by the 
glaſs, cannot diſtinguiſh their conſtituent parts; 
as all the integrant parts contain the fame pro- 
ximate principles, and in the ſame proportion 
as the whole does. To this belong the gems, 
the garnet, the ſchoerl, the zeolith, and other 
derivative earths; which My 2 conſiders 
as primitive. 
I leave it to be dterniined * erylials | 
may be formed without the help of any other 
menſtruum than water. To me it appears very 
probable, that any fluid vehicle, even though. 
not a ſolvent, may be ſufficient-for this purpoſe; 
provided the minute atoms are fo ſuſpended in 
it, that they may freely obey the laws of their 
| mutual attraction, The very minute molecules 
| exert attractions proportioned to the amplitude 
of their ſurfaces, a force which is deficient in 
larger particles. More or leſs of water alſo 
feems to enter the texture of ſtony cryſtals, al- 
though, by age and exſiccation, this is general- 
hf expelled. | The foaming of the zeolith in the 
1A - fire, is owing to moiſture going off in the form 
| eee and, no n en a ſmaller quan- | 


POS 
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tity of this that occaſions the lefler ebullition. in 
the ſchoerl, {till leſs in the garnet, while there 
_  'occuns none at all in the ge. 

I The petroſilices alſo eontain ſiliceous, as 
1 5 and calcareous earth, intimately united. 
| On the other hand, we may ſhew the progreſs 

of gems, through the mountain eryſtals to the 

3 pure flints. The cleareſt cryſtals, of quartz 
which come from Jetland, treated with q of mi- 

neral alkali, (S v.), afterwards yielded to acids 

0,06 of clay, and o, ot of caleareous earth; ſo 

that the ſame principles are found as before. If 

an one ſuſpects that the whole ef the inſoluble 

reſiduum, by ſucceſſive preparation with alkali, 
might in like manner be reſolved into argillace- 

ous and calcareous earth, I can inform him that 

115 N r the ! in walks: unten 
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* 


Fr whe e is e be chef of "| 
| as gems; commonly ſo called, I have in the — | 
preceding pages only mentioned ſuch circum- | 

ſtances: concerning it as ſerve. to evince'that it 1 
differs eſſentially from the reſt. I am fat from 
being able to illuſtrate this difference further by 
a perfect analyſis; yet it may not perhaps be 
altogether uſeleſs to mention ſo much as lhave © 
been able to diſcover. : Fhis operation is ex- 
e partly on account of the ex- 


„ * K : gene 


travagant price which is required for ſuch quan- 
titles as are neceſſary to make experiments which 
can be relied on, partly on account of the na- 
ture of the ſtone itſelf. In order, therefore, io 
ſmooth the way, by removing obſtacles, for 
thoſe whom curioſity may invite to the exami- FE IE 
nation of this gem, and whom circumſtances. —— 5 
permit to proceed more eaſily than I have been | 
able to do, 1 ſhall relate ſuch Frenz as I, 
have en 
The diamond differs from the wy 64 the 
other gems (as has been ſaid before) by a degree 
of hardneſs unknown in any other production 
of nature, and particularly by its tugacity in a 
moderate heat, (ſuch as is ſufficient to melt fil-.. 
ver), or rather by its flow deflagration ; for, 
when made completely of à white heat, it not 
only ſenſibly diminiſhes" in bulk, but is fur. 
rounded by a little flame or cloud: But, ſo far 
as I know, the cubic or ſchoerl : formed dia. 
monds have not yet been duly expoſed to firm 
ſo that it remains to be diſcovered experimen- 
tally, whether thoſe alſo entirely fly off, and, if 
not, they muſt loſe the name of diamonds. 
The diamond, urged by a very intenſe heat, 
contracts a ſort of ſoot upon its ſurfacee.. 
/ We:now proceed _ examine its habits with 
reſpect to menſtru˖ſ © 8 ; 
+ (4) The powder fit ub theſe: perl is 55 „ 
to 0 — by: rubbing two diamonds, -entirely- _ Teen = 
- nav H-3 deprived © | 
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deprived of their external coyering, againſt one 
another, (for it is yet doubtful whether the cor- 
tical part be entirely of the ſame nature with 
the nucleus). Such a pulverization requires 
larger diamonds than it was in my power ta 
procure upon this occaſion ; I was therefore 
obliged to content myſelf with the examination 
of the powder which is for ſale. It is reported 
of the diamond, that it yields a powder nearly 
black; which is certainly true of the powder 
that is fold : But this colour 1s not to be conſi- 
dered as natural, as the blackneſs can be eaſily 
extracted by acids, the particles remaining whitez 
ſo that the colour myſt be owing either to the 
inſtruments employed, or to the cortical part of 
the ſtone. | Yet it may happen, that black dia- 
monds, which cannot be converted to other 
uſes, may be pulverized ; and, no doubt, in this 
caſe, the colour will be more fixed.  - 
(n) This powder, when well depurated by 
aqua regia, eludes the force of other acids; yet 
with the vitriolic acid it exhibits a curious phae- 
nomenon. This menſtruum, poured upon the | 
powder, and evaporated to à ſmall 4 
grows black, and depoſits black pellicles, which 
it is very difficult to dry. Theſe pellicles take 
ſire upon the approach of flame, and are almoſt 
entirely conſumed, at leaſt they leave ſo minute 
a reſiduum, that the nature of it could not be 
examined. It is a n whether this is the 
| veſtige | 
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veſlige of a footy matter: could not obſerve 


the ſmoke of phlogiſticated eee eu NE” 


ceeding from the fire. 

(o) | treated} the depprated powder with three 
times its quantity of mineral alkali, in the man- 
ner above deſcribed, (S v.). After remaining 


a ſenſible cohefion ; however, I extracted the 


ſoluble part by marine acid, and then attempted 


a precipitation with vegetable alkali; and, in 


fact, a light, whitiſh, ſpongy ſubſtance was 
thrown down, which diſſolved in all the mineral 


_ acids, but with the vitriolie produced neither 
ſpathum ponderoſum, nor gypſum, nor Epſom - 
falt, nor perfect alum * It concreted indeed into 
cryſtals, but of an irregular form, eaſily foluble 


in water, which liquefted by the blow-pipe, and 


vere then abſorded by the charcoal; They were 


of an acid, yet auſtere taſte. - 


ee ee ee 


mentioned in c with double its quantity of mi- 
neral alkali ; This concreted into a firm maſs, 


from whence it appeared that its nature was at 
length ſenſibly changed. Lelixated with marine 


acid, and, by means of vegetable alkali, preci- 


pitated a portion of earth fimilar to that obtain» 


ed in the former operation; but the inſoluble 
reſiduum ſtill floated on microcoſmic falt and 


borax in fuſion, as related in g 11. A very ſmall 
1 mrs it entered the mineral alkali with ef- 


H 4 | fervelcence, 
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ferveſcence, but was no further diſſolved; be⸗ 


* - 
* 


ſides, the quantity was too ſmall to ene 
to further experiment. Lp 


(F) Theſe experiments, alktiough. they der 


that the analyſis of the diamond is difficult, ſhew 


alſo that it is not impoſſible. | That there is pre- 


ſent a portion of ſiliceous earth, but very cloſely 


united to the other principles, ſeems to be indi - 
cated by the ſlow action of the alkali. The pre- 


_ cipitates- ſhew that there is an earth ſoluble in 
acids, the nature of which remains to be diſeo- 


vered by employing a larger quantity. The de- 
flagration, the ſoot, and the black pellicles, ſhew- 
the preſence of an inflammable matter, unleſs 
we rather ſuppoſe them owing to heterogeneous 


a 


matters adhering to the powder for ſale. 


(6): As the microcoſmic ſalt ſeems to diſſolve: 
ſomewhat. of the diamond by long fuſion upon 
charcoal, I put ſeveral globules much loaded 
with it into diſtilled water, hoping that, if it con- 


_ tained any, this, united with the phoſphoric acid, 


would be diſſolyed in the water, and might then 
be ſeparated by fixed alkali: Nor was L entirely 
diſappointed ; the globules fell to pieces, the in- 
ſoluble part of the powder fell to the bottom, 
the reſt was diſſolved by the water, and again 


ſeparated by an alkali, but it fell 0 en 
and ſlowly. ** 

\ Theſe aſhes vill dee. give Ss 
denn to thoſe who are in poſſeſſion of a larger 
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quantity of adamantine materials, by which ther. 


precious ſtone, which, on account of its clear- FAIT 


neſs, its hardneſs, and ſplendour, is ſo much va- 5 


lued; although, by a gentle heat, it is totally 
convertible into vapour in the ſpace of a few _ | 


{ 
hours, while the ruby and the other gems ſy. 
— « . 1 
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TURMALIN STONE, 


| g 1. | 

HE electrical virtue of this earth has been 
che admiration of philoſophers during the 
whole of the preſent century; and, many years 
fince, I attempted to reduce its peculiar effects 
to conſtant laws: But no one, ſo far as I know, 
has yet undertaken the analyſis of theſe ſtones, 
being prevented by their ſcarcity and dearneſs. 
My illuſtrious friend Born removed this obſta- 
cle for me, by ſending me, in 1778, a parcel 
which was got at Tyrol, and, at the ſame time, 
requeſting me to inveſtigate their primary prin- 
ciples. Some time after, that accompliſhed bo- 
vaniſt Mr Thunberg, demonſtrator in the gar- 
bas N | den 


or THE EARTH, . 
ane en; hls eee 


E 
he himſelf had got in Ceylon, rude, ahd un- 


changed by art. I have therefore been fortu- 


nate enough, through the kindneſs of theſe gen- 


tlemen, to be able to compare the form and 


compoſition of theſe the rareſt production of the 


quarters of the world, In this place I ſhall on» 
ly conſider thoſe circumſtances which illuſtrate 
the external form, the internal ſtructure, and 


the component parts 3 deferring to 
rann 
eee 


$ u. Vifible Realities of the Turnalin 4 


Heretofore the turmalins were Annals either 


from Ceylon or America, and no one ſo much 
as ſuſpected that ſuch were to be found in Eu- 


 - rope; but two years ſince, that indefatigable 


examinator of the Tyrol mountains, Mr Muller, 
diſcovered. cryſtals of this kind at Zillerthal, far 
ſuperior, both in beauty and magnitude, to any 
that had been ever brought either from Aſia or 
America: Therefore we may conſider them as 


ſeparated into three claſſes, according to the 


places where they are found; and we ſhall be- 


gin with thoſe of the new world, 2 
We) 


. 


op- 
vir- 
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AY The turmalin of Brazil is frequently | 
| ſomewhat heavier than the others, being, "with? | 
reſpe& to diſtilled water, from 3,075 to 3,180: 
They differ 1 in colour; and T have ſeen them 


blue red; and of a 2,08 neg CY * POR 
by they are green. a>en>/+ 


When rough ay are ol 8 eee form, 
more or leſs regular, but frequently are of a tri- 


gonal form, conſiſting of nine Aae as has been 


already deſcribed and delineated. The apices 


are oſten deficient, and their fracture is glafly; 


but ſometimes, if preſerved and examined, they 
are found low, and compoſed of three planes, as 
is explained in the Tract on the Formation of 
Cryſtals, (S 11. k. and tab. 1. fig. 3.) 

The priſms, expoſed laterally to the light, are 
almoſt always pellucid; but, when viewed in the 
direction of the axis, a wonderful opacity pre- 


- yatls, and that even in the tranverſe ſection, al. 


though it be very thin. Whether this holds 


With reſpect to the thinneſt lamina, is not yet 
eſtabliſhed; perhaps this, like the following, 


when ſufficiently diminiſned in Nees vill 


tranſmit the rays of light. 15 gut 


They yield in hardneſs to the quartz, wo? 


eyen to the other turmalins ; yet they cut glaſs, * 


and ſtrike fire (though not eaſily) with ſteel. © + 
() The turmalin of Ceylon varies a little in 


ſpecific 'gravity, between 3,062 and 3,295; theſe! 


ſeldom come to "Pe unwrought: I was there. 
TY fore 


THE TURM ALIEN! STORE. 2 


fore much pleaſed to get thoſe vhich 1 mention- 


ed The columns of three of them were whole, 
about three lines in length, and two in breadth. 
Three of the ſides are broad, ſeparated by a pair 


very narrow, ſo that, at firſt, they appear trigo - 
nal; two of cheſe priſms have àpices, the ſolid 
angles of which are very obtuſe, and formed of 5 


three irregular. pentagons. All: theſe circum- 


ſtances agree perfectiy with what has been ſaid 
in A, of the turmalin of Brazil; and are made 
abundantly evident by tab. i. fig- 3.3 but the 
priſms are found furrowed longitudinally, a cir- 
cumſtance which plainly points out; that other 
ſpiculæ had cryſtallized at the ſame time, and | 


in contact with chem. Marks of this kind fre- 


quently appear upon the ſurface of cryſtals; 
and the longitudinal furrows above mentioned  - 
are very common, ieee in the ſchoerls . 


and turmalins of Brazil. 


The colour of the eryitals' 18 handing and t 
unfrequently:almoſt black, but ſometimes more 
dilute; always, however, more or leſs inclined 


to yellow, which may be more eaſily obſerved 


by placing the column tranſverſely betweema 
ſtrong light and the eye. A tranſverſe ſection, 
half a line in thickneſs, ſtill appears opake when 
_ expoſed to the daylight, although the flame of 
a candle renders it ſemi · tranſparent and brown; | 
but when made thinner, ſo far as Fr of wy 
- Wi AE: pervious to the day- light. 
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* le alſo got ſhapeteſ pieces of nearly the 
bulicof a walnut, their ſubtile parts ſpathaceous, 
black; and opake: In _ ey 2 
is much weaker. 

They nearly e in 1 ich . 
ye electrical property of theſe ſtones ſeems 
to be unknown, in Ceylon; and although, be- 
yond doubt, the name turmalin is a word of the 
Ceylon language, yet, under the ſame name, Dr 
Thunberg got ſtones of various colours, and va · 
not one acquired the electric quality by heat, al- 
though I frequently made the experiment. Dr 
Thunberg alſo informed me, that, in the genu · 
ine language of the country, the word ſigniſies 
black cryſtals ; that they are little eſteemed, and 
are pounded and matte globules; tp os 
the purpoſe of buttons. 

(ce) The turmalin of Tyrol has: — oe ex- 
actly deſcribed by the learned diſcoverer, with 
reſpect to external appearance, that nothing can 
de added ; but, for the fake. of compariſon, it 
will be TRIS) 10 n the nn circum- 


The ſporike gravie is $9950, thats js han 
any of the preceding. 

The cryſtals are Cai e ns 
| length, and exceed five lines in diameter, partly 
looſely diſperſed among, partly firmly united to, 
a ſteatite, mixed with particles of mica, not un- 
1 0 | like 
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the other turmalins may be, is yet unknown z 
but chat e eee e nun 
or nuelei in granite. 


The figure 2 ilmsge, eotiſiiity of nne 
des, ſometimes terminated by three pentagons, 
like that ef Ceylon; but, in general, the apices 
are wanting. Bastet however, though very 
very much acu- | 
mitiated, with nine fides: Therefore, in gene- 
ral, all the known turmalins 880 fn Kar, 
but, ſo fur as I'khow, the complete fchoert form © 
(tad, i. fig. 1.) has not yet been ſeen among 
them by any one; a form which, even 2 


ſeldem, the pyramids ate unt 


che ſchoerls themſelves, is extremely rare. 


Such of the Tyrol cryſtals as 1 have exatniricd | 


are without the longitudinal ſulci ; but the ſur- 


face, when accurately examined, ſhews a ſliglit 
 aſperity, owing perhaps to the ſpicular form of 
the ſurrounding matrix; but the tranſverſe 
chinks, generally obſeure, are found in theſe 


and tho preceding, as well as in the ſchoerls. 


Tbe colour occafioned by reflex Jight'i is footy, 
or of -a -browniſh black, but that by refratted 


light of an obſcure yellow; a thin tranſverſe fec- 
tion appears opake; but, when the thickneſs is 
ſufficiently diminiſhed, ir at length tranſmits 
green rays, as che celebrated Muller firſt ob- 
ſerved, and as 1 have myſelf ſeen, the account 
is true. The Ceylon and Tyrol turmalin, there- 
| fore, 
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B 55 fore; agree in this, chat, by extreme tentity, 4 

| Þ page is made. for: the light; but they differ 

1 0 1 75 5 . reſpect to the rays,/ which are tranſmitted-· | 

: I 2 (o) Many years ſince, I obſerved that a vari- 13 


ety of the ſchoerl, black, opake, of a complete 
bi figure, which came from Umæan Lapland, by.a - 
3 adue degree of heat acquired electrical properties. 
„ es Upon multiplying experiments, I found the ſame 
8 | thing to take place in ſeveral: ſchoerls of Sweden, 
| beth. nonagongl.and enen vary irregular 
| forms: , Theſe were all totally,opake;-7and here- 
| tofore L have. not obſerved. that property to | 
1 | take place in any chat was pellucid. How. hie? 
| 1 5 | electricity may be excited, and its nature ex- 
3 ö plored, I defer to angther place, here this mat- 
| ter ſhall be pry conliderede 474 1, 417 
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—_— | tard, expoſed upon charcoal to the apex of the 
|. : flame, quickly grows red, and that without any 0 
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* decrepitation or other viſible. change; but, if 
bY. the action of the flame is continued for ſome 
oh 5 minutes, it ſoon grows white, foams almoſt like 
"8 borax, and, upon continuing che fre, is redu- | 
19 | ced to. a globule; a larger piece fuſes with dif. 
1 ficulty, but yields an, awd eng es 
Wn : ſcorn... | Sy hep 
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This is the caſe with the turmalin of Tyrol! 
and Ceylon when cryſtallized; but the black 
and ſhapeleſs pieces ſwell but little; and the 

marks of ſcorification which appear on the fur- 
face are brown, not white: That of Brazil can- 

not be formed into a ee but exhibits a 15 


puſtulous ſcoria. 


(B) The microcoſmic Galt, fuſed ö the 5 
charcoal, attacks a ſmall quantity of turmalin 


with a ſlight efferveſcence, which is yet ſoon at 


an end; and there remains a ſmall corpuſcule, 
almoſt tranſparent, and therefore ſcarce percep- 
tible, until after the globule grows cold. This 
reſiduum is diſſolved with great difficulty, but 
the reſt of the vitreous maſs ſurrounding it is 
found clear and tranſparent, which grows green 
on a farther addition while hot, and milky. on 
cooling, chiefly occaſioned by the undiffolved 
particles, All the varieties in this reſpect are 


the ſame, except that the black _— e nah 
caſion a brown colour. 

(ce) Borax takes up the turmalin almoſt * 
the ſame way, but generates heat more diſtinct. 
ly, and diſſolves the ſtone more powerfully ; : io 


that it hardly contracts a perfect opacity, except : 
te black turmalin, which, added in ſmall quan- 


tity, changes the tranſparency to a yellow ng 
but, in larger quantity, to à black opacity. 


(v) Mineral alkali takes up the turmalin in 
fallon with efferveſcence, but a leſs conſpicuous 
3 II. | 1 ens 


$ 
| 
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one than that excited by quartz: When a ſmall 
portion of the ſtone is added, it is broken down 
into a powder, but is imperfeRly diſſolved. The 
black opake turmalin makes the globule brown. 
() The turmalin approaches next to the 

ſchoerl in the habit juſt deſcribed ; the latter is, 
however, more completely diſſolved, and with 
more evident ebullition, by the microcoſmic 
falt, and alſo e more egen with 
mineral alkali. 


$* 


is IV, Hobitude of the T ORFs with Acids. | 


. * Three times the weight of ee 
vitriolic acid, poured on 100 lb. of ſubtile pow- 
2 der of turmalin, ſeparated by elutriation, and 
| | expoſed to diſtillation in a ſmall retort, until the 
; bottom of the glaſs grows red hot, yields a re- 
ſiduum, which being boiled in diſtilled water, 
collected, dried, and weighed, is found to have 
loſt about 16 Ib. The three known varieties 
are, in this reſpeQ, ſcarce found to differ a 
"Ang or two. 2 
ue water which has extracted the ſoluble 
1055. with a lizivium of burned blood, yields 
Pruſſian blue; and the iron being thus precipi- 
| | | tated, on addition of fixed alkali, a white powder 
17 . is thrown down, which, with vitriolic acid, 
_ forms gypſum, which may again be decompoſed 
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the maſs ignited only for an hour and a half. 
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by acid of ſugar. The acid has therefore been 
only loaded with iron and lime. 


The atid collected in the receiver i found * 
ba purely vitriolic. n # 


"The clixatod toda, eib by thi blah - - 


pipe, {wells and ſhews alunit the r habits 5 


the crude turmalin. 

(8) The nitrous and marine abide 3 8 
iron and lime; but, in other reſpects, have ng 
greater effect than the vitriolic ; for the reſiduum 


ſtill remains compound: The ſurface, therefore, 


is not ſufficiently increaſed by the mechanical 
pulverization, ſo that the menſtrua may be able 


to ſeparate the component parts: However, the 
method which 1 followed in decompoſing the. 


gems ſucceeds i in this caſe W e well. 


8 v. Pruinas Princip of 75 urmalin. 
(9 I treated a very ſubtile powder of bm. 


Un in the ſame manner as the gems, with this 
difference, that I employed an equal quantity of 


mineral alkali, ſpontaneouſly calcined, and kept 


(B) Upon cooling, the mixture is found col. 


liquated, its ſutface convex, tuberculated, of the - 


colour. of wax, but internally ſpongy; and of a 
green colour, which is of a deeper hue as it 


approaches the bottom, to which it adheres. 
mmm og Hewes : 
12 „ 
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at the bottom with a black cruſt, which i is care- | 
1 oy ſeparated and weighed, + 
(o) The feſt of the proceſs was conducted ass 
deſcribed on the Earth of Gems, rx and nz it 
would therefore be fuperflnous to deſcribe it 
again. Theſe operations yielded the following 
concluſions concerning the quality and propor- 
tions of the er, . g in an ag. hun- 
ate, prior EET 
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terogeneous: matter; but the e earth „ 
appeats to be manly: faturated with aerial acid,” 755 | 
as otherwiſe à greater defect is obſerved: than ; 
can be ſuppoſed in an accurate operation. That 
no efferveſcence takes place with acids is eaſily 
accounted for, when we conſider that only a very 
minute portion of calcareous earth adheres ſo 
very cloſely to the other conſtituent parts, that 
it has ſufficient hardneſs to ſtrike fire with ſteel: 
The iron is dephlogiſticated, and the crude tur- 
malin does not ſhew the N gn. of anon 
with nitre. : | n 
As to the e FP the 3 prin- 
ciples, I have ſet down ſuch as experiments ſug- 
geſted; but it is neceſſary to take the medium 
of a number of experiments, as nature does not 
obſerve ſo exact a proportion in the admixture 
of the principles of bodies, but that ſometimes a BY 
there may be ſome hundredths'too much or too 
little; beſides, a ſeries of operations (notwith- 
ſtanding the greateſt poſſible accuracy) will ſome- 
times add a little weight, or ſometimes diminiſh, - 
which is particularly ſenſible when very ſmall. 
quantities are uſed. Thus, in the preſent in- 
ſtance, I have not yet been able to ſubject to ex- 
periment more than a few: aflay pounds. In 
theſe experiments I conſtantly. found the ſame 
ingredients, but the proportion of them requi- 
red ſome: correction. The difference of habits 
— dy the blow. pipe manifeſted ſome dif. 
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ference between the Tyrol aud Ceylon turma- 
lin; but whether the above proportions be ex. 

act, remains further to be examined. 

x) That water enters the campoſition, may 
be gathered from their undergoing the ſame 
ebullition in fuſion as the zeolith does, which 
certainly contains water; but the quantity of * 

matter to be examined, only permitted me to 18 

make one trial with this view. I kept 100 lb. 
of Tyrol turmalin, groſaly powdered, for half an 
hour, in an obſcure red heat; but, upon cool- | 
ing, found no difference in weight; nor did L | 
expect any, as a white heat is neceſſary to fu- 
ſton : I therefore increaſed the fire to a ſufficient. 
degree; but the fragments of turmalin were ag- _ 
glutinated to the crucible, nay, had entered into 
a. fort of union with it; I therefore made the ex- 
periment in dncther, which was tedious and 

' troubleſome. I took 25 aſſay pounds of frag- 
ments of turmalin, each of which I ſeparately | 
reduced to white ſcoriæ by the blow-pipe ; but 

I did not find that the weight was ſenfibly dimi- 

niſhed ; a proof that there is either no water at 

| W. 8 : 


$ vi. The Place belonging to the T1 urnalin in 6 
: Sy/tem of Mineralogy. 


"live 3 with the nature e 
portion of the earthy principles which enter in- 
l ; 3 : « | : to 
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to the compoſition of the turmalin, we cannot 
heſitate to place it among the argillaceous ſpe- 
cies, ſince the chief part of it is conſtituted by 


this earth, which, even when it is preſent in 
ſmaller proportion, communicates its nn ö 


properties to the whole maſs. 

In the gems we find the ſame principles, and 
clay in greater proportion than any. other earth, 
The turmalin can ſcarce be referred to this claſs, 


becauſe its ſtructure is ſo much looſer, 


The phenomena it exhibits, when treated 


with the blow-pipe, approach nearly to thoſe of 


zeolith ; but of this. filiceous earth conſtitutes 
the principal part; and the conſtituent princi- 


ples cohere ſo weakly, that acids are capable of 5 
extracting them without any previous treatment 


with fixed alkali, and the heat of diſtillation of 


expelling moſt of the water. It is more cloſely 


allied to ſchoerl; for the turmalin not only re. 


ſembles this in the form of its eryſtals, and the 


phenomena it preſents, both with heat and fol. 
vents, but alſo ſometimes in being electrical, 4 
property which ſhall be particularly examined 
in the fequel ; it, however, differs in containing 
more ſiliceous. earth, and ſome other eircum- 


ances before noticed e 
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8 1 . H. Morical Introduttion. G N 
non the Lf fulminating 


by philoſophers ſo as to determine with certain- 
ty the cauſe of the prodigious noiſe and ſtupen- 
dous exploſive force; yet in this exploſion there 


occur phænomena highly worthy of attention; 


phznomena which not only indicate very ſingu- 
lar properties, but are of ſuch a kind, that the 


_ cauſes of them, well underſtood, muſt certainly 
throw great light upon the theory of chemiſtry. 


* 


property of gold was known at leaſt in 
the 1 th century, it has not yet been examined 


„ 


* 
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The following experiments, which are partly 


new, and partly ſuch as have been deſcribed by 
others, but carefully reviſed and corrected, will, 


I hope, tend to illuſtrate the ſubject. But, be- 
fore we enter upon them, it will be proper brief. 


ly to relate the attempts of others, who have 
made this buſineſs their particular ſtud y. 
Whether or not the aneient alchemiſts were 


acquainted with the fulminating property of 


gold, we are ignorant, their arcana being in- 


volved in an enigmatic and obſeure ſtile. Baſil 


Valentine is perhaps the firſt who has clearly 


deſcribed the method of communicating this pro- 


perty to gold: He directs the metal to be diſ. 
ſolved in aqua regia made with ſal ammoniac, 
and then precipitated by vegetable alkali, to be 
twelve times waſhed with water, and finally dried 
in the open air, where the ſun's rays cannot reach 
the powder: He forbids it to be dried over a 
fire, as it explodes with a gentle heat, and flies 
off with inconceivable violence; but he has not 
diſtinguiſned this calx by any peculiar name. 
Many chemiſts afterwards performed this ope- 
ration; but here and there we obſerve ſome ſmall 


difference. O. Crollius calls it aurum volatile, 


and is ſcarce willing to have it dried, even 
though carefully, and in balneo maris; but, a- 
bove all, forbids the ſtirring it with an iron 
ſpatula. J. Beguin added the epithet fulmina- 
tings which" has been ſince generally adopted, 

. „ alhough 
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LES Amen ve ſometimes a e e e | 
=_ The neceſſity. of * volatile alkali in 
8 | 8 this operation, was but little regarded until the 
preſent century; for Hellot tells us, from Groſſe, 
that gold diſſolsed in a mixture of nitrous and 
: marine acid, fulminates better when the volatile 
ies uſed, than when. the vegetable fixed alkali is 
employed; but that, if the menſtruum be made 
with ſal ammoniac, the latter precipitate is beſt. 
Zvelf calls the gold precipitated. by fixed alkali, 
we the fulminating property, aurum mu- 
Etemuller and Hoffman found that pre- 
3 by volatile alkali always fulminating. 
Becher found the fulminating powder, when 
well waſhed, heavier than the gold employed 
a by ; Lemery by +; and Jungken by 3. It is 
_ i: begebe been Rage ever made the experi- 
Wy | ment, as he affirms, that, in order to produce 
= i | the beſt effect, it ſhould: not be waſhed, with 
25 i water, (compare & x.. Many alſo, after him, 
_ have thought, that, by boiling in: water, the ful- 
3K N minating property 18 deſtroyed, or. at leaſt di- 
miniſned: neee, the Grit 
: who detected that Waun 
That water loaded with fixed alkali whoa. 5 
| bailing, takes away all the exploſive power, is 
| ”  - alerted, if 1 miſtake not, by all the moderne, 
158} following the author of Homer's Golden Chain. 
HB ren ST EPR e vitri- 
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marine acid has the fame effect; and Mr Spiel- 
man extends that faculty to all the acids, even 
to vinegar; yet Caſhus relates, that aurum fol- 
minans exploded moſt violently when marine 
acid dulcified was diſtilling from it. Baſil Va- 
lentine attempted, not without ſucceſs, to ſub- 
due the fulminating property by means af ful. 


e 
as Crollius aſſerts, with more force than half a 
pound of gun. powder, and propagates its action 
downwards; yet H. F. Teykmeyer frequently 
ſhewed in his lectures, that it would throw a 


florin upwards above fix ells; and the fame ef. 
feſt had been obſerved by 1 others e 

A great number of nen were te 
before the Royal Society at London, in order to 
determine the comparative forces of theſe two 
powders. Equal parts of gun-powder and of 
aurum fulminans were ineluded in iron globes, 
which contained the former were burſt with 
violence, while the other remained perfe&ly 
ſilent. But, if the globe containing the gun- 
powder did not exceed the bigneſs of a pea, the 
globe remained unhurt, Nabe che contents 
bad been inflamed. 


/ 
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Many unfortunate. accidents, however, ſhew+ 
that the greateſt caution is neceſſary in handling 

aurum fulminans. Orſchal relates, that this 
powder, ground in à jaſper mortar, : had by its 
exploſion burſt the mortar! into a - thouſand 
pieces. The celebrated Dr Lewis gives an in- 
ſtance-of the ſame in England; nay, Dr Birch 
tells us, that, by an exploſion of this kind, doors 
and windows had been violently torn to pieces > 

But Dr Macquer gives a very melancholy de- 
tail of a'misfortune which happened in his own. 
preſence. A perſon of 22 had put-ſome aurum 
fulminans into a phial, but unfortunately did 
not obſerve that a few particles adhered to the 
neck. Upon ſhutting it, therefore, as is uſual, 
by twiſting the glaſs ſtopper, the few particles 
exploded with ſuch force as to throw the young 
man among the furnaces of the laboratory, with 
the loſs of both his eyes, occaſioned oy the 
ſplinters of the glaſs. 

+ The: ſentiments of chemiſts! concerning Fa 
cauſe of the fulmination, differ very much. The 
opinions of thoſe who ſpeak in words ſo obſcure, 
that it is ſcarce poſſible to reduce them to ſenſe, 
we hall omit; the reſt may be divided into four 
claſſes, ſome aſeribing it to an aerial, ſome to a 
ſaline, ſome to a ſulphureous principle; and, 
finally, there are others who n it to de 
1 585 ſeveral of theſe united... |; 7 
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F. Hoffman attribires: it to muna and an 
elaſtic vapour dilated by heat; but the celebra- 
ted Dr Black affirms it to be owing to fixed air 

copiouſly and ſuddenly ſet at liberty. A; Peter- 
man aſſerts this power to depend upon the union 
of the ſolar principles with nitre; but others, 
and indeed the moſt of the ode ſubſtitute 
a ſpecies of nitre totally volatile, which is com- 
monly called nitrum flammant. Caſſius ſpeaks 
of ſulphureous particles of gold which are diſ- 
charged from the bond of falts, as being ſub- 
ſtances of an oppoſite nature, by means of the 
| fire; and, upon getting looſe, give as violent a 
- - concuſſion to the air, as ſulphur and nitre in 
common gun- powder; but, very lately, M. 
Beaumè propoſes as the cauſe, a nitrous ſulphur 
deflagrating violently ; and ſupports this opinion 
with many ſpecious arguments. Notwithſtand- 
ing all theſe explanations, many philoſophers 
are ſtill of opinion, that the phænomenon is not 
yet aceounted for; ſuch are Boerhaave, Mac- 
quer, Spielman, and others. I 
If in our days a certain fragor vibergenſis 
were neceſſary, a very violent one might be beſt 
obtained by means of this calx of gold ; for no 
ſubſtance hitherto known explodes with a louder 
noiſe. Dr Lewis compares the report occaſions - 
ed by gun-powder to the ſound of a long and 
lax cord; and that of aurum fulminans, to that 
of a ſhort and tenſe one. But in mines it can- 
; | not 
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 fefted by volatile alkali. Aqua regis without 
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not be ſubſtituted for gun-powder, as, when it 


is cloſe ſhut up, it is reduced without noiſe or 


violence, as we have ſeen before; beſides, this 
powder muſt be fired by heat, and not by ſparks. 
Ide celebrated Stahl ſays, that aurum fulmi- 
nans, treated with ſulphur, as hereafter deſcri- 
bed, is uſed as a pigment by goldimiths and 
enamellers. Doſſie mentions chis as a valuable 
Formerly, three or four grains of this powder 
were given as a diaphoretie of extraordinary 


power, as we are told by Crollius and Beguin. 


Rolfincius. relates an example of its cathartic 
virtue. His words are theſe: Ilu/tris regiac 
Suecicae ' militiae generulis Pannerius (doubtleſs 
Banner) grauiſſimo calico dolore infe/tatus, clyſteri- 
commota alva, te an Anion granis 6 
in cochleari me vini Malvatici. 


8 It. Preparation of Aurum Fulminans. 


This powder may be prepared in two \dferent 
ways ; for either the gold is diflolved in a men- 
ſtruum compoſed of nitrous acid and fal ammo- 
niac, and the ſolution precipitated by a fixed al- 
kali, or the ſolution is performed by aqua regis - 


done in various ways), and the precipitation ef- 


ſal 
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ſal ammoniac may be prepared by mere mixture 


in marine acid; or, finally, by ſea-falt diſſolved 
in nitrous acid. It is obvious, that, inſtead of 


may be employed. Menſtruum fine ftrepitu was 


a name formerly given to a liquor conſiſting of 
a little water with nitre, ſea-falt, and alum, in 
which gold-leaf was diſſolved by triture; in this 
caſe, the acid of the alum expels the other acids, 


of nitrous and marine acid, or by nitre diſſolved 


nitre or ſea-ſalt, other ſalts containing theſe acids 


which therefore, Warmen mm 


aqua regia. 


Dr e e ths ee 


and precipitated, (provided the volatile alkali is 
preſent, either in the menſtruum or the precipi- 
tant), a yellow precipitate is obtained, which, 
when well waſhed in water, and cautiouſly dried, 
is commonly called aurum fulminans. The 
weight of the calx, well waſhed and dried, ex- 
ceeds that of the gold employed, by about +. 


The diſſolved gold is more readily precipita- 


F 


| g ui. Properties of the fulminating Cats of Cali. 


The phænomenon which has cluefly edna : 
this powder famous, and has given occaſion to 


the name, is the prodigious noiſe occaſioned by 
the 8 of a few ow 5 g to heat in 
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a metal ſpoon, either over a candle, coals, or 2 


red hot iron; or by any other means ſufficient- 
ly heated. How this PhenomenoMN takes . 


ad ſhall ſee hereafter. 


(A) A degree of heat between 120% and 300* 


the degrees at which the nitrous and vitriolic 
acids boil, is ſufficient for this purpoſe; but 


whether the ſolar rays, without concentration, 
can produce the ſame effect, as ſome perſons aſ- 
ſert, I have not yet been able to determine; but 
am inclined to doubt of their poſſeſſing ſuch ef- 
ficacy, unleſs the aurum fulminans be extreme- 
ly well prepared; but, if the maſs be inſpected 
juſt as it is about to explode, in the very inſtant 
preceding the exploſion no other change is ob- 


ſerved than its colour verging to black, upon 


which it inſtantly is diſperſed with an obſcure 
flaſh, and a wonderful acute ſound: The ſame 
effect is obſerved whether the powder be ſur- 


rounded by common air or aerial acid. 


() By ſimple triture, or percuſſion alone, 


this powder is inflamed, and explodes with great 


violence, whence melancholy accidents have 


ſometimes happened; but every fort of aurum 


fulminans is not ſuſceptible of exploſion by 
theſe means. By boiling in pure water, or 


(which is better) in an alkaline lixivium, or 
(Which is beſt of all) by a due degree of cal. 


cination, - it is rendered ſo prone to inflamma- 


tion, that by the electric park, nay often by the 


ſmalleſt 
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| -fmalleſt agitition-with. a piece of paper, it ex- 
plodes. The common aurum fulminans is alſo 
exploded by the electrical ſhock. 2 


(e) A portion, weighing from 10 to 12 


grains of aurum fulminans, exploded on a me- 


tal plate, perforates and lacerates it; a ſmaller 
quantity forms a cavity in the plate; and a ſtill 
ſmaller; only ſcratches the ſurface ; an effect 


which is never produced by bun- Fons. though 


in much larger quantity. 


(v) A weight laid upon the e is aue 6 


upwards in the moment of exploſion; and, if it 


be of ſilver, it is found gilded with a yellowiſn 


ſpot. In the ſame way is marked the ſupport, 
if it be made of ſilyer or copper. 


. "Beſides, a large grain, advanced near to the 


. fide of the flame of a candle, blows it out with 


violent noiſe ;- and a few ounces exploding. to- 5 


gether, by incautious drying, has been known 


to ſhatter the doors and windows of the apart. 
ment : Hence it is evident, that aurum fulmi- 
nans exerts its force in all directions; yet it 


cannot be denied, that it ſtrikes bodies with 


which it is in contact more violently than thoſe 
which are at a ſmall diſtance, though in its vi- 


cinity. Thus, if a ſmall portion of it explodes 


in a. paper box, it lacerates only the bottom, 
unleſs the top be preſſed down cloſe, in which 


caſe it perforates both the top and POM, 
Neb Hl g's 
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"a ) When carefully and gradually e 
in a glaſs phial or a paper box, it leaves a purple 
foot, in which are found many particles of 
ſhining gold; nay, if the quantity exploded 
be large, ſeveral grains remain totally unchan- 
ged; for it is only the ſtratum next to the heat 
which is inflamed, as may be ſhewn by an eaſy 
experiment, namely, if the fulmination be per- 
formed over a large ſurface of burning coals; 
for, in that caſe, a number of decrepitations 
will be heard, occafioned by grains of the aurum 
fulminans diſperſed in a perfect ſtate ws ts ex- 
ploſion of the inferior ſtrata. 8 525 
t.) When moiſt, it does not exploit all of. 
once, but each grain, in order, as it becomes 
dry, decrepitates 18 a manner ſimilar to com- 
en [Ah 5+ nds! 

(G) In glaſs veſſels cloſed, or with. . 
mouths immerſed in water to prevent breaking, 
a moderate quantity explodes indeed, but with 
a very weak noiſe, ſo as ſcarcely to be percei- 
ved; but, in the moment of exploſion, an ela. 
ſtic fluid breaks forth, which, when cool, oecu- 
pies about ſeven inches, if half a drachm of the 
powder has been uſed; This air extinguiſhes 
flame, deſtroys animal life, rejects pure water, 
and does not even precipitate that wich con- 
tains lime in ſolution. 

(u) In metallic veſſels of ſufficient ares 85 
and perfectly cloſed, autum fulminans, expoſed 

| to 


— 


to heat, is reduced adh and without any 
marks of violence. If the acceſs of air be only 
partially prevented, the metallic veſſels are more 
violently acted upon; but, if they are of ſuffi- 
cient ſtrength, and very ſmall chinks afford vent 
to the air, the ſmoke indeed penetrates through, 
but gently, and without burſting, as I twice ex- 
perieneed in about half a ſeruple of this cal, 
with which I filled a braſs roſe, and ſtopped the 
aperture with a ſtrong ſcrew ; for, in this caſe, 
the yapour 'made its way ava the 815 vith . 
2 hiſſing A 


8 15. Me cans 7 by hich be F diane Projerty 
e may! be 45 frayed. 
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Tie cok be effected by vatibus methods, and YE 
that even without additament. 
(A) For inſtanee, by fire alone, flowly Fo 
cautiouſſy increaſed. Let x degree of heat, at 
firſt, be employed near to that which ufually oc- 
caſions the exploſion : This muſt immediately 
be flackened a little, and thus alternately be iti- 
creaſed and diminiſhed. Upon continuing this 
operation a long time, the àurum fulitiidans 
gradually becomes capable of reſiſting a fife 
more and more intenſe, at length grows of al 
obſcure black, and loſes all its fulminating pro- 
perties. This experiment requires confidetable 
Patience; for, unleſs the fire be fkilfully regu- 
by OE. latec, 
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lated, and the ſmalleſt agitation and friction * : 


voided,” the powder explodes at once with its 
uſual rehemence, ma flies 5 in the form of "RK 


vapour. a 9 


(8) This effect i is more 1 e 5 


£2 ed by the addition of a dry ſubſtance of any 
ſort, provided it be well pulverized, and inti- 


mately mixed with the aurum fulminans by tri- 
turation, ſo that the particles of the latter may 
be ſeparated as much as poſſible; for this being 


done, (which may be eaſily tried with ſmall por- 


tions), the mixture ar ſafely be expoſed to Ye 


fre. 


Sulphur has been long uſed for this. purpoſe 
in the following way. Let powder of ſulphur be 
mixed with an equal weight, or half its weight, 


of aurum fulminans, then melted for a ſhort 


time with a gentle heat without ſmoke, after this 
with evaporation, . and, finally, burned with de- 
flagration. This is done much more eaſily by 
putting the mixture by degrees into a crucible 
previouſly ſo heated, that the ſulphur will. flame 
upon touching it; for, in this caſe, although a 
few grains decrepitate, they are not diſperſed. 
This may be effected with ſtill greater eaſe, by 
adding the aurum fulminans e to the 
ſulphur in fuſion. CON 

The falts, either. alkaline or Ab are — iſ 
ficient for this purpoſe, and are uſed with great 
mA Advantage, 
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arts, becauſe - they may be akerwards ſe⸗ 
parated by ablution. | 
This operation ſucceeds alſo with the 3 
nay, with concentrated vitriolic acid, and other 
liquors, as we ſhall afterwards ſee, ($ vii. and 
IX.). In a word, aurum fulminans is deprived 
of its fulminating property, if expoſed to a de- 
gree of heat ſufficient to cauſe the exploſion, if 
at the ſame time the fulmination be prevented 
by any means Fun even by external force, 


5 v. oli Opinions 8 the cafe of the 
Exple you. | 


Various explanations of this exploſive pro- 
perty are to be found among chemiſts; ſome of 
which, being delivered in an unintelligible man- 
ner, we may properly paſs over, and conſidet 
the others as diſtributed into four claſſes; for 
philoſophers have thought, that this wanderfal 
phænomenon might be attributed to a ſaline, 
a ſulphureous, or an aerial principle, or, final. 
ly, to many of theſe jointly ; yet ſome there are, 
who with juſtice conſider m the A 
4 e 1 as W 


FF 
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85 vi. Difforen Opinions concerning the Cauſe, 
Suppoſed + to be Aline e 


7 hoſe who attribute the fulmination th. a fa- : 
line principle, de not yet agree with regard to 


the ſpecies of ſalt. | 
(4) Some confider the Calited "AL alkali 
(which is called fal digeſtivus) adhering to the 
calx, and decrepitating i in the heat, as the cauſe 
of thi phenomenon ; but theſe gentlemen da 
not conſider, that this ſalt is neither preſent nor 
"regenerated, when the gold diffolyed in nitroug 


acid, containing fal ammoniac, or in a mixture 


of nitrous and marine acids, is precipitated by 
volatile alkali ; and, beſides, if the latter of theſe 
ſolutions be precipitated by fixed alkali, the pre- 
cipitate is not fulminating, though the digeſtive 
falt in this caſe is preſent. 

-(B) Others have recourſe to common nitre, 


; which is known to detonate with phlogiſton; 


But here the ſame difficulties occur; for neither 


is nitre always preſent in the preparation of au- 


rum fulminans, nor, when it is preſent, is the 
calx always found fulmigating; beſides, this ſalt 


does not detonate with calx of gold, but, on 


the contrary, (by the method deſcribed § w.), 

ſerves to reduce it. 

0 The nitre, called nitrum flammans, ſeems 

to be very different in its nature. This ſalt 

conſiſts of nitrous acid faturated with volatile 
1 5 | alkali 3 


+ 
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alkaliz and, from what has been already fad. Ty 
the preſence of this ſubſtance in aurum fulmi- 
nans is obvious; beſides, it poſſeſſes the proper- 
ty of detonating, without the addition of phlo- 
giſton; and, beſides, we are told by authors, 


that the vitriolic acid and fixed alkali deſtroy 
the fulminating property ; the former, becauſe 


| It is more powerful than the nitrous acid, and 
the latter, becauſe it expels the volatile alkali. 


This opinion, therefore, carries with it an ap- 
pearance of probability, and almoſt all the mo- 


derns have embraced it. In order, however, to 
acquire a certain knowledge of this matter, if 
poſlible, I inſtituted a number of SERINE; | 


the chief of which I Sal now relate. 


J 


8 v1 -Fited e down net Ahe the Fulnine: 


ting ws by the Via Humida. 


The fixed alkali does indeed deprive gold of 
its fulminating power by fire, as deſcribed in 


5 w.; but, in that caſe, it acts in no other way 

than any other matter interpoſed between the 
particles; but whether it aQed in virtue of its 
alkaline quality, was tried in another way. 


(4A) Six parts of alkali of tartar were there- 
fore well triturated in a glaſs, with one of the 
calx, and a few drops of water. This being 
done, a little more water was poured on, and 
Wi the liquor e in a digeſting heat. 


During , 
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During this operation, no veſtige of urinous 
ſmell could be perceived. The mixture, when 
dried, and freed from the ſaline parts by ablu- 
tion, not only fulminated, but with a noiſe far 
greater than uſual. | 

(3) The fame experiment was mide 1 in ano- 
ther way, namely, one part of aurum fulminans 


Was boiled for half an hour in 200 of cauſtic 
lixivium; but its power was rather increaſed 


than diminiſhed by this. Water was added, 


to prevent the lixivium from acquiring too 


great a degree of heat, which would of itſelf 


- deſtroy the fulminating property, (S iv.). 


One circumſtance I ſhall remark, viz. that no 


difference of efficacy was obſerved, whether the 
calx was precipitated from i its menſtruum Dai 


ly or 3 


§ vu. Whether Acids e the rum 


Property. Woot 


ache acid requires near thrice a great- 
er degree of heat to make it boil than pure wa- 
ter, it is no way ſurpriſing, that boiling in this 


acid ſhould deſtroy the fulminating quality, as 


before obſerved: But, in order to determine 
whether that was the true and only cauſe; the 
acid was ſo far diluted with diſtilled water, that 
it could not ſuſtain too high a degree of heat, 
and the aurum fulminans 1 4 in it for half 


an 
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an 1 when, after being vell edulcorated, it 
exploded as uſual; nor does it, when triturated e 
and digeſted with the ſtrongeſt vitriolic acid, 
loſe any of its power, but by boiling many par- 
ticles, acquired the metallic ſplendour of gold. | 
() The marine and nitrous acids, when boils - 
ing violently, poſſeſs a greater degree of heat © gs 
than boiling water, but inferior to that which is nes 
neceſſary for fulmination: Hence it happens, | 
that the latter of theſe fluids not only fails of 
deſtroying the fulminating power; but the pre- 
cipitate, while wet with this, decrepitates in . 
lame way as if penetrated by water.. 
(c) But the marine acid diſſolves this — 5 
more eafily, and, upon evaporation, almoſt al- 
ways reduces a part; for this menſtruum na- 
turally contains phlogiſton, which, by means of 
ſuperior attraction, it is obliged to yield to other 
bodies: But the ſolution itſelf, precipitated by 
fixed alkali, yields a calciform and fulminating 
gold. Whatever is not diſſolved by digeſtion, 
when well edulcorated, om to have loſt ppg | 
ly any thing. e 
(o) Upon adding vinegar, and aiſtilling tc . 
dryneſs, the fulminating power is found to be e 
deſtroyed. This, however, is only to be un- W 
derſtood of the reſiduum, either not Saaten 1 
ted, or reduced by means of heat, N 6 
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8 . 


cated 10 25 om . the Intervention 5 N. 
trol Acid. b 


* order to ns . * nitrous acid 


3 | Womnlogether neceflary, and alſo how. the pro- | 
_ ceſs would ſucceed without the marine acid, 
the following experiments were undertaken. 


(4) A calx of gold (not fulminating) boiled 
in vitriolic acid a little diluted, yielded a yellow 
ſolution, for the precipitation of which, a large 


quantity of cauſtic volatile alkali was neceſſary, 
The precipitate was ſmall, but, after being . 
corated, fulminated by heat. 


() Another portion, boiled in nitrous wy 
perfedtly. freed from marine acid by means of 
filver, yielded, though not without boiling vio- 
lently, a red folution, of the ſame colour as that 
of platina in aqua regia. This, upon the ſimple 


addition of water, let fall a calx, which, digeſt. 
ed with cauſtic volatile alkali edulcorated and 


dried, exploded in the heat in the ſame way as 
gold precipitated from the nitrous acid- by cau- 
ſtic volatile alkali, when waſhed and dried. 

(cc) Of all acids, the muriatic beſt diſſolves 


dhe inert calx of gold; even without heat, it 
_ diffolves it readily. A ſolution of this kind was 


precipitated by volatile alkali, as before; and 


the ſediment, when waſhed and dried, fulmina- 


ted as uſual, : 
8 X. 


£, 
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$ x. The Fulmination is not ee by a NF itrum 
| Hammant. i 


1 order + the better to modi the dion | 
ting property of the nitrum flammans, let a por- 
tion of it be put into a cold glaſs; then let the 
heat be raiſed as. quick as poſſible, yet no deto- 
nation enſues, but the ſalt is reſolved into va- 
pour, and flies off. Let the glaſs be hat at firſt, 
and the ſalt will liquefy, but not detonate; but, 
if it fall ypon oy aries glaſs, it kindles and 
deflagrates, with a noiſe and a yellow flame. It ' 
is in vain, therefore, to aſſign this falt as che 
cauſe of the fulmination. Beſides, 

(A) The ſound of this detonation is not at all 
carreſpondent to that occaſioned by fulmina- 
tion; but, let us ſuppoſe it to be inereaſed by 
the weight of the ſuperincumbent particles of 
gold, which prevent it from breaking forth, 
until the tendency to exploſion, increaſing more 
and more, becomes at length able to remove the 
obſtacle : But ſimple detonation, unimpeded, 
requires a heat equal to ignition. When im- 
peded, it ſhould therefore require a greater de- 
gree, Now aurum fulminans requires a much 
ſmaller heat; therefore ſome other cauſe beſides 
detonation muſt operate here. 
() The precipitate of gold, which Joop not 
fulminate, I have endeavoured to unite by dry 
triture with nitrum flammans; but by this me- 

Þ | | thod 
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| thod could obtain nothing more than A powder 
which crackled in the heat. 
(o) As the falt is ſo eafily ſoluble in water as 
readily to attract humidity from the atmoſphere, 
I thought that (if preſent in aurum fulminans) 


_ it might be ſeparated by boiling. One part of 
EE. OY It was therefore boiled with 600: of diſtilled wa- 
ö . ter for a whole hour; and, after the interval of 


a day, the ſame was boiled with 600 parts of 
freſh water for the ſame length of time, but in 
vain; for the powder fulminated with as great 

violence as before. We may here obſerve the 

2 gradual efficacy of water: Thus, if gold preci- 
pitated from the menſtruum be not edulcorated, 
it ſcarcely fulminates at all; if waſhed a little 

with cold water it explodes indeed, but with a 

" very obtuſe ſound, and a diffuſed flaſh ; but, if 

Off i de waſhed with a large quantity. of water, or 
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| | Vith hot water, it occaſions an acute ſound and 
4 an obſcure flaſn. The eſſicacy of the water, 
NF 5 | f wen brought to this degree, is neither increaſed 


nor diminiſhed by boiling, as far as the ear can 
judge, which we are obliged to truſt to, ſo long 
as we are deſtitute of a more accurate meaſure, 
No one can wonder at the deſtruction of the 
fulminating quality in Papin's digeſter, upon 


— 
» _— 


= , PRETEEN 240 Yo & + bs \ 
1 
8 1 
—ä — — 2 re 
* — — — 


2 — — — 


- 
* * — ů ate ff 3 as Fu — whe 
* 


g conſidering the degree of heat which it N JE 
Ws. ſuſtains, (§ iv.). | 
7M | | | (p) Gold diſſolved in dephlogiſticated marine 

8 acid, and precipitated by volatile alkali, poſſeſſes | 
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5 the fulminating property, een nitrous acid 
has never touched it. If any one imagines that 


gold diſſolved in aqua regia can never (by che 
humid: way) be perfectly freed from nitrous a- 


cid, he muſt at leaſt confeſs, that that acid is al- 


together abſent when dephlogiſticated marine a- 
cid is employed to diſſolve the gold. This acid 


contains a certain quantity of phlogiſton, which 
it is obliged to yield to manganeſe, and then be- 


comes a yellow vapour, which diſſolves all me- 


tals, by taking from them that quantity of phlo- 


giſton which would otherwiſe impede! the ſolu- 


tion; and the acid itſelf is thus reſtored to its 


natural ſtate; and the combinations thus formed 


Vield metyllis, ſalts, ne a et 4s marine 
0 acid. * 1 l Js #7 | A 5 182 


From all this APP ai _ even though 
che nitrum flammans were, which it is not, ſuf- 


ficient to explain the phænomena, yet it could 


5 be admitted as the ln and efficient caſh. 


= Xl. * aua 22 to #0 kinn. 


* "a — 0 to > what the volatile * 
kali contributed to this effect, a non-fulminating 


precipitate was digeſted for ſome hours in cau - 


ſtic volatile alkali, afterwards edulcorated and 
dried. This fulminated perfectly. 


() Leſt ſome ſuſpicion ſhould remain, 904 a 


remnant: of the aqua —— to the pre · 
5 hi cipitate, 


\ OF THE FULMINATING 


cipitate, notwithſtanding the edulcorationi, the 
experiment was repeated in this way. After 
_ digeſtion for 24 hours in vitriolic acid, the pre- 
cipitate was waſhed in pure water, then immer- 
ſed in aqueous and ſpiritous ſolutions of alka- 
lis belle any ied bak * e 
fame. 
(c) An iet cal of kd, by Graple digeſtion 
in a folution of any falt containing volatile al- 
kali, whether the ſaturating acid be vitriolio, 
nitrous, or marine, poſſeſſes the fulminating pro- 
perty. The golden calx is found increaſed in 
weight about o,; and the reſidua of the am- 
moniacal ſolution contain a ſuperabundant acid: 
Therefore the non fulminating calx of geld is 
capable of abſtracting a certain quantity of vola- 
tile alkali from the ammoniacal ſalts; which 
portion may again be ſeparated by diſtilling the 
aurum fulminans well waſhed with vitridlie a- 
cid; for in the neck of the retort à vitriolated 
volatile alkali is found ſublimecd. 
( ) Finally, we ſhould recolle&, that gold 
cannot receive the fulminating property with- 
out volatile alkali, Q wy + AID 2; | 


85 411. Whether the Fatninatio be iced „ a 
_ Sulphur.” | F yp | 


5. Moſt of We ide chemiſts; wats not a _ 
of the moderns, ſpeak of a certain ſolar ſulphur ; 


% 
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nay, ſome contend, that gold is wholly a ſul⸗ 
phur ; hence they derive the effects produced in 
the preſent caſe, endeavouring to perſuade them. 
ſelves and others, that here the fame principles 
co-exiſt as in gun-powder and pulvis fulminans, 
namely; ſulphur, nitre, and tartar. But opi- 
nions like theſe, at once ſubtile and obſcure, we 
ſhall leave involved in their o.]n darkneſss. 
The following obſervations will ſnew that it 
is without reaſon any ſulphur is ſuſpecte. 
() Of late the fulmination has been attri- 
buted to a nitrous falphur, generated in the pres = 
cipitation, and adhering to the ca. The won - 
derful fulminating property of this calx is ſup- 
poſed to be ſufficiently accountetdsfor by the de- 
tonation of nitre; but the preſence of it in au · 
rum fulminans has hitherto been ſought-aftet in 
vain. As vittiolie ſulphur may be diſſolved in 
a cauſtic lixivium, and precipitated by acids, i 
ſeems probable from analogy, that the ſame pro- 
perty ſhould belong to nitrous ſulphur; but, 
upon boiling in a cauſtic lixivium, (& vn.), the 
fulminating power is found entire; and, upon 
the addition of acids to the lixivium, no parti · 
cular ſmell is obſerved; and the gold is preci- 
pitated, but in exceeding ſmall quantity. * 
(s) I have alſo employed vitriolic ether, that 
molt powerful menſtruum of all inflammable 
bodies. This, on digeſtion for ſome days, be- 
gins to be tinged yellow; a golden pelliele ap- 
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pears upon the ſurface of the liquor';-nay; a 150 
grains of the calx lying at the bottom, exhibit 


| - the: ſplendour of gold. Upon evaporation to 
Arxyneſs, this ſolution * {endl geld, Not. 
| at all fulminating. u Wag 8 605 
| Sold ſeparated by * fin aqua regia, 2" | 
ſtitute of volatile alkali, when, precipitated. by 
volatile alkali, fulminates; but is totally void 
of that. en, when thrown vow, by. fixed 
(cc) S dee is not ©oluble in ſpirit 
+ unleſs when both theſe ſubſtances meet 
in the form of vapour; but we could not thence 
1 venture to conclude the ſame of nitrous ſulphur. 
8 I therefore digeſted aurum fulminans for eight 
1 | | days in rectified ſpirit of wine; but neither was 
„ the liquor tinged, nor did any thing remain on 
„ evaporation, nor Was: he an found to be 
11 f changed-. 83K 
2/2085 It is 3 of een 2 55 the non. ful. 
2/20! minating calx of gold, upon digeſtion for a few 
. | days in rectified ſpirit of wine, grows black, and 
| 0 9 a4 cquires a fulminating en but e _ 
q fl 915 * ſimultaneous. | 
| | 1 | 1 
| | | | „ 8 X1IL nel he Fulninatio be agen „ 
| nn , 
[> p 14 ee, That ſobſtance which enters into the compo- 
1 | ſition of certain bodies, which, though-very 
IE $3280 much 
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__ reſembling air, is 8 different 
from it, has been called by modern writers fixed - 


air, although it really is a true and diſtin& acid. 


Some contend, that this forms the bond of union 


between the particles of bodies, and in that ſtate | 
is fixed, and deprived of its elaſticity; and that, 
when a conſiderable quantity of this recovers its 


elaſticity at once, it muſt ſtrike violently upon 


the atmoſpheric air, thereby exciting undula- 
tions, and conſequently a ſound, which is vari- 
ous according to eircumſtances. | 
They think, that, in the preſent caſe, the gold | 
in ſolution loſes its fixed air, which it again re- 
covers in ſtill greater quantity during the preci- 
pitation, as the calx is found increaſing in weight. 


The precipitate being then expoſed to fire, this 


aerial matter is ſuddenly forced to quit the calx, 


notwithſtanding the weight of the particles of 


gold: By means of which, however, the erup- 
tion being impeded, is made far more violent; 
hence the extraordinary noiſe. The following 
obſervations will ſhew clearly, that, in this in- 
ſtance, the fixed air does not act in this caſe. 

(4) The elaſtic fluid which may be collected 


| during the fulmination, is not abſorbed by wa- 


ter; nor does it pragpitate Tons from that de 
(C 0s 
(B) Gold precipitated 3 mild Fixed alkali 
does not fulminate, unleſs the menſtruum con- 
tains volatile al. = Fo 
Vol., II. E (o) Gold 
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(e) Gold precipitated by cauſtic,” as well as 5 
mild volatile alkali, fulminates. 


(o) Gold in its ö Oe the er. 


a. oo acid. 2" ER 


8 * The Phenomenon of Fulmination explained. 


From what has been faid, it is plain, that the 


'vitriolic and marine acids are no leſs favourable 


to fulmination than the nitrous, ($ 1x.), yet that 


neither of theſe is otherwiſe neceſſary, than as 


diffolving and attenuating the metal, ($ x1.);. 


and, finally, that no fulmination takes place 
Pithout volatile alkali, ($ x1.). The queſtion 


therefore is, how the volatile alkali acts in this 


caſe? To this queſtion I ſhall endeavour to give 


the beſt anſwer which experience has pointed out. 

() From the very nature of the thing it is 
plain,” that ſo great a. report, and ſo violent an 
exploſion, could not happen but by means of the 
copious and inſtantaneous eruption of ſome ela- 
ſtic fluid violently. ſtriking the common air 
and that this is the caſe in the fulmination, we 


have already obſerved (S 111. G.); but, for the 


better underſtanding this operation, it is neceſ- 


fary to conſider the conſtituent parts of aurum 
fulminans, namely, the volatile Aan and the 


calx of gold. PF 
(B) It cannot be doubted that volatile alkali 


always © contains 1s phlogiſton. To paſs over other 


proofs, 


. + TEL IN ; - F 5.4 ? 
## 13 * „ Wan. , * * ene 10 4 4 


X OF GOLD. {463 


bal it Y be ſufficient to mention its Gets 
nation with nitre. Now this phlogiſton may be 


ſeparated by means of a ſuperior attraction; ſo 
that the volatile alkali is decompoſed, and the 


reſiduum diſſipated in the form of an elaſtic fluid, 
-altogether ſimilar to that. which is extricated du- 


ring the fulmination. The ſource, then, from 


| whence the' elaſtic fluid is derived, is obvious; 


it remains to examine the medium by which the 


volatile alkali is dephlogiſticated. 0 
(cs) In thoſe metals which are called perfect, | 
ſo, great is the firmneſs. of texture, and ſo cloſe 


the connection of the earthy principle with the 
- phlogiſton, that by means of fire alone, theſe 
principles cannot be diſunited; but, when dif-- 


ſolved by acid menſtrua, they muſt neceſſarily 


boſe a portion of their phlogiſton; and, there- 


fore, when afterwards» precipitated by alkalis, 


which cannot ſupply the loſs, they fall down in 


aà calcined ſtate : They, however, attract phlo- 
_ giſton ſo forcibly, that they can be again redu- 
ced to a metallic ſtate without additament, mere- 


ly by an intenſe heat penetrating the veſſels. 


Gold, therefore, is calcined by ſolution ; and 
this may be laid down as a fundamental poſition, 
being expreſsly treated of, and, if I miſtake not, 
undeniably demonſtrated, in another place. - 
(D) Let the powder, now conſiſting of calx 
of gold and volatile alkali intimately united, be 


expoſed to an heat gradually. inerealing, and let 
= aig 1 & 2 us 


1 1 bh 10 S 


„ =p) 


— — 2 nr es nh 3 ny Ae? 39 * 
F Wav : = —_ : _— wr oy —— In a — — 


364 OF THE FULMINATING 


\ 


us examine what will be the conſequence. .. The 

calx, which is united with the volatile alkali, by 

the aſſiſtance of a gentle heat ſeizes its phlogi - 
ſton; and when this is taken away, the reſi- 
duum of the falt is inſtantaneouſly expanded in- 
to the form of an elaſtic fluid, which is performs: 
ed with ſo much violence, that the air muſt 
yield a very acute ſound. The calx may indeed 5 
be reduced by means of a very intenſe heat a - 
lone; in which proceſs the heat is decompoſed, 

and yields its phlogiſton to the calx, upon which 
the other principle, the pure air, is ſet at liberty. 
But, in the preſent inſtance, a ſmaller degree of 
heat ſeems to be neceſſary than when the vola- 
tile alkali is abſent; hence we may impute the 
reduction chiefly to it, although it can ſcarcely - 
be denied that ſome particles are reduced by the 
heat alone. This we collect from the obſcure © 
flaſh ; for light, ſo far as experiment has yet 
ſhewn, is nothing more than the matter of heat, 
with a ſuperabundance of phlogiſton. A part, 
therefore, of the calx being reduced by the phlo- 
giſton of the heat, the pure air (the other ingre- 
dient) is ſet at liberty, and attacks the ſuperflu- 
ous. volatile alkali, (which is now hot), and is 
ſo loaded with the phlogiſton of the alkali, that 
it exhibits the appearance of light; for this can- 
not be attributed to the ſurrounding air, as the ; 
phænomenon takes place even in aerial acid. 
But, that the volatile alkali can in this vay pro- 
+ Huce 


, 


—— 
a 


- 


ice a flaſh, is evidently ſhewn by another ex- 
periment; for if this falt be thrown into an hot 


crucible, it inſtantly exhibits a flaſh. The vo- 
latile alkali, in its ordinary temperature, does 


not yield its phlogiſton to pure air; but that 

principle, being of itſelf very fugitive, upon the 

acceſs of heat is much more eaſily ſet at ory 

and unites with the pure air. 

A fingle cubic inch of gun-powder generates 
about 244 of elaſtic fluid; but the fame quan- 

_ tity of aurum fulminans yields at leaſt four 


times as much; and hence we may eaſily un- 
derſtand the difference in their exploliye force. 
The above explanation of the report, founded 
upon the knowledge of the compoſition of heat, 


and of aurum fulminans, ſeems abundantly fa- 
tisfactory; but ſome phænomena full remain 
not ſufficiently accounted for. 

That careful calcination ſhould deſtroy the” 
fulminating property, is not to be wondered at 
(iv. 4), as the volatile alkali is the indiſpen- 


ſable material cauſe, (S x1.) ; but the peculiar 


alacrity which it acquires before the exploſive 
force is totally extinguiſhed, depends upon the 
nature of the materials, and of. the operation. 


Thus the heat, when inferior to that neceſlaty _ 


for fulmination, a&s upon both. the principles 
of the aurum fulminans ; it prepares the metal. 
lic calx for a more violent attraction for phlo- 
ed it alſo acts upon the phlogiſton of the 

| L 5 volatile 
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volatile alkali, and looſens its connection. Theſo 


two circumſtances muſt tend to the union pro- 


ducing the exploſion. But this effect has a 
maximum; and, at this period, the ſlighteſt 
friction ſupplies the defect of neceſſary heat, and 


produces the fulmination. The calcined gold. 
alſo ſeems. to collect and fix the matter of heat, 


though ſtill inſufficient, by means of its phlo- 


giſton, in a certain degree; ſo that, by means 
of friction, though but very light, it becomes 


capable of exerting its force: But, when the 


heating is often repeated 'without producing its. 
effect, the volatile alkali is by degrees diſſipated, 
and at length ſo much diminiſhed, that the calx 


becomes inert. That this diſipation is promo- 


ted by enlarging the ſurface, is evident; and 
this explains the mode of action of the hetero- 


geneous particles interpoſed between thoſe of 


the calx, (§ Iv. B.). ; 
But, if aurum fulminans is capable of 3 


eing ſuch a prodigious quantity of elaſtic fluid, 


how does it happen that it remains mute and 
inert when reduced in cloſe veſſels? This I 


- take to be the reaſon. Every elaſtic fluid, in the 


act of breaking forth, requires a ſpace to expand 
in z if this be wanting, it remains fixed, as has 
been already demonſtrated. Taking this for 
granted, a calx of gold cannot be reduced i in 
cloſe veſſels either by heat or by the phlogiſton 
of volatile alkali; for in either caſe it muſt e- 
volve 
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volye its elaſtic fluid, which by ſuppoſition ie | 
cannot do. Nothing remains to ſolve this diffi». 


culty but the ignition of the ſurrounding metal, 
by means of which the calx, in virtue of its ſu- 
perior attraction, ſeizes the phlogiſton of the 
metal, which that ſubſtance, here as well as in 
other inſtances, is capable of loſing without the 
eruption or abſorption of any fluid whatever. 


Whether this explanation be ſatisfactory or 


not, I leave to the deciſion of the judicious. 
(z) The ſtories told us by authors, of the ful- 
minating property of certain metals, particular» 
ly copper and ſilver, have not, I confeſs, been 
verified by my experiments; ſo they have either 
been filent upon ſome circumſtances neceſſary in 
the operation, or perhaps have been deceived 


by the detonation of nitrum flammans, or ſome 


other accidental occurrence. It is not ſufficient 
for the volatile alkali to adhere. to the precipi- 
tate; for platina thrown down by this alkali, 
retains a portion of the alkali very obſtinately, 
but yet does not fulminate on expoſure to fire. 


Beſides the preſence of volatile alkali, it ſeems 


to be neceſſary that the metallic calx ſhould be 


reducible by a gentle heat, in order to decom- 
poſe it: But every exploſion i is not to be derived 


from the ſame cauſes; nay, in this reſpect, au- 


rum fulminans, gun- powder, and pulvis fulmi. . 
nans, differ very much, Hough. they agree in 


ſeveral particulars, f 
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$ „ Introduction. 


IN SCHEFFER was the firſt who pro- 
e perly examined the new metal which 
was lately found in America, and brought to 
us under the name of platina. In the year 
1752 he inveſtigated its properties, and demon- 
ſtrated, that, in perfection, it approached to 
gold, and therefore gave it the name of white 
gold. After him many experienced chemiſts, 
with laudable induſtry, have laboured in the ac- 
curate examination of this ſubſtance ; ſo. that 
wie may fay with juſtice, that there are few of 

the metals, though known and uſed for eighteen 
centuries and upwards, which have undergone 
ſo accurate an inveſtigation, by means of the 
moſt acute experiments. Notwithſtanding this, 

"Re a on OT ne however, 
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however, many circumſtances occur to an in- 
quirer which are ſtill obſcure, and not ſufficient= * 
ly elucidated by experiment; and hence have 
- ariſen many diflentions. Some of theſe points | "5 
I hope I ſhall be able to clucidate, eſpecially as | —_— 
I am in poſſeſſion of a ſufficient quantity of pla- ED - 
tina, by the generoſity of the Baron Claudius 1 
Alſtromer, who had brought i it wih him * | 
his e's from Spain, 3 | 


/ 


$ 1. Platina precipitated by means 1 of 2 e 1 


This new metal diſſolved in aqua regia, exhi- a 
bits, upon precipitation, many peculiar proper & © © J 
ties worthy of accurate examination. We ſhall e 11 


begin by che precipitate, Fee by vegetable 
alkali. * 

( Aqua regis, compoſed of nitrous and ma- 
rine acid, attacks platina, exhibiting a ſolution 5 
at firſt yellow, but which, when further loaded, | — = 
grows red; and the colour grows the deeper as „ 
the ſolution is more loaded with the metal. : 
Upon evaporation - cryſtals are produced, of a i 
deep red colour, fraquently opake, but ſome- s ; 
times pellucid ; in general very ſmall, irregular, 
and reſembling angular grains, the real form of 
which I have not yet been able to diſcover. 

(B) Theſe cryſtals, waſhed and well dried, 
Oe ** more water than gypſum does to dif- 

. ſolve 
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ſolve them by boiling. ' The ſolution is yellow, 
and ſeparates. ſome pale flocculi, which are pro- 
bably martial. Vegetable alkali does not diſturb 
the ſolution ; nay, the cauſtic lixivium of this 
alkali, when hot, does not diſſolve the cryſtals, 
or at leaſt attacks them very faintly, even al- 
though a digeſting heat be applied, and the li- 
gnor- evaporated to drynels. By this method 
the colour of the cryſtals is a little weakened ; 
the aerated mineral alkali diflolved in water 
takes them up and grows yellow ; yet it remains 
clear, and in many hours does not depoſit any. 
thing ; but by ws 194 to e it decom- 
poſes them. _ 
: (e) The ſolution (a), upon the 3 of a 
little vegetable alkali, either aerated or cauſtic, 
immediately, or at leaſt in a few minutes, depo- 
ſits ſmall ponderous red cryſtals, of a different 
nature from thoſe mentioned in 3. Theſe are 
ſometimes diſtinctly octaedral, and ſoluble in 
water : They are decompoſed with difficulty by 
the mineral, but are not changed by the Wer 
table alkali. | 
But, if the alkaline alt be added in lager 
| quantity, the ſuperfluous acid being ſaturated, 


tere is ſeparated a yellow ſpongy powder inſo- 


luble in water, which exhibits a calx of platina. 
The clear ſolution (A) reduced ſo far by eva- 
poration, that the remaining liquor - conſiſted 


hu of a few drops, upon the addition of the 
alkali 


* 


or PLATIN A: * ond; 


alkali exhibieed the ſame phenomena as men- 
tioned Above, except that the cryitalline, re 
was of a deeper yellow. | 

() Inſtead of the vegetable alkali it the $ 
n ſaturated with an acid, either vitriolic, ni- 
trous, marine, or acetous, be employed; never- 
theleſs, the red cryſtalline molecules appear; 
but by this method the whole of the platina can- 
not be ſeparated, as in the foregoing paragraph 
(e); for the ſolution retains a deep yellow co- 


| lour, however abundantly theſe falts be added; 
- Hor does any genuine calx of platina fall, ap 


upon the addition of an alkali; for which pur- 
ou either the mineral or vegetable will ſerve... 

(x) I took the ſame weight of platina as in 4, 
and tried it with an equal bulk of menſtruum, 
conſiſting wholly of nitrous acid; to which was 
added, of common ſalt, four times the weight of 
the metal. This nitrous acid was taken out of 


the ſame bottle as in a; in a digeſting heat 
all the platina was diſſolved; the ſolution was 


red, but more dilute than that in Aa; a yellow 
powder floated on the ſurface, but at the bottom 
a larger quantity of the ſame was found. 

The clear ſolution, upon the addition of the | 
ſmalleſt quantity of vegetable alkali, depoſited a 


_ copious yellow powder, which yet was ſoluble 


in a ſufficient quantity of water. The neutral 
ſalts, with a vegetable alkaline baſe, alſo preci- 
pitated a ſimilar . more ſlowly and more 
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| crjftilline ; but the mineral alkali, though em- 
ployed in fifty times the quantity of the vege- 
table alkali, does not at all diſturb che ſolution, 
the abundant acid not being yet ſaturated. 
The powder collected at the bottom was to- 
tally ſoluble in water, and in its properties a- 
grees with the cryſtalline powder ſpontaneouſly 
ſeparated in B, but is of a yellow colour. 

(#) I repeated the experiment with the ſame 
quantities, but inſtead of the nitrous acid and 
ſea-falt, I uſed the marine acid and nitre, well 
depurated. In this experiment, the platina 

yielded a ſolution of a golden colour, together 
with a greeniſh powder, moſtly granulated, the 

more ſubtile part of which floated on the ſur- 
face. 

Ihe clear ſolution did not depoſit any thing . 
upon the addition of vegetable alkali, until all | 

the ſuperfluous acid was ſaturated, but then 
yielded a metallic calx inſoluble in water. 
The green powder is wholly ſoluble in a ſuf- 
ficient quantity of water, and agrees, as to its 
properties, with the cryſtalline powder occaſions 
ed by the vegetable alkali in c and D. 
(lee) Platina precipitated from aqua regia by a | 
| ſufficient quantity of mineral alkali, well waſh-. 
ed, and diflolved in marine acid, upon the addi- 
tion of vegetable alkali immediately lets fall a 
cryſtalline powder ; which is alſo the caſe with _ 
nitre and other neutral ſalts, whoſe baſis is the | 
| 5 | vegetable 
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vegetable alkali, I employed the additaments, 


eſpecially the neutral, dry, or at t leaſt well-ſatu- 


rated ſolutions. - : 7 


(u) The caſe i is the es with par 40 of baue 


diſſolved in vitriolic acid. 


(1) The precipitate of platina is taken up al- 


ſo in the ſame way by nitrous acid, freed from 
all admixture of the marine; but this nitrous 
ſolution exhibits different properties with the 


vegetable alkali from thoſe of the. muriatic fo. 
lution in q; for I could not obtain a diſtin. ; 
ſaline eiten without the. addition of Pg £ 


CCS ie dre od ae ts 2 BE 


(x) That which * POL, now. 1 of _ 
calx of platina, is alſo. true of- the precipitate 
occaſioned by, vegetable alkali, after the . 


tion of the faline powder 7 VEMAE OE, 
(1) Upon comparing theſe experiments, it 


will readily appear, iſt, That the precipitate 


which is firſt thrown down, on the addition of 
vegetable alkali*to ſolutions of platina, is a ſa- 


line ſubſtance, and different from the calx of 7 
this metal (c): ad, That this faline precipitate 
is compoſed of calcined platina, marine acid, 
and vegetable alkali (DzF 6 and 1): 3d, That 


by means of vitriolic acid, a precipitate analo- 


gous to this may be obtained, compoſed of cal- 


eined platina and vegetable alkali, joined to vi- 
triolic acid (H): 4th, That the whole ſolution, 
of platina cannot be precipitated i in the form of 


5 


3 # <- 4 ret 
re ee I ——— 6 new 


* 3 


1 


- f 
if 
: Gag | 
AY | 
2 " 
7 
"I -- | 
a 


— 
» 
= 


. 


8 F "op hy * 
* * * » wa hs, - 
— — 
— » * — 
* - 


Dn 
* * 


"Oo % 4. — * * 8 
* — 
—4 Ko AC? = 2 
- A 1 n 
* wed — = 4 1 4 
«4,8 4 I Y way 4 P 
—___ CEE Ton Toon 
5 ge ML lf TD -Y 


— 

on: ; . 

8 Na . 
WAGX. 


. yt £5 p 


. 
* 


1 nr. 


_ 
* = 


s 
Ee nd 
EY : 8 
„„ f 
xi A wig 4 
—— — * 


_ 
bd gd 3. 4 was F . 
N 
— 


— 


2 e 
* „ 


— So, 
2 R . 
* 
4 
—— — 


1 £7. © 
— —ẽ | "a >> l — 
S 1 Ae + © w*—4 - — Jos 
- # #7 > "4 
Pry 9 N 1 ry 
* - - vw 
— „ 
1 
” 


ie — 
ov 7 


A 


mm or PLATLN A. 


\ 


Aa triple falt by the vegetable alkali, either diſen« 
gaged, or otherwiſe; but that a determined limit 


takes place, upon paſſing which it yields a me- 


5 tallic calx in the uſual 1 9 like 9 . 


J II. Platine ee by means of the Mi ine- 
| ral Alkali, 138 


The Wolt celebrated chemiſt of the age, Mr 
Margraaf, denies that a ſolution of platina can 
be precipitated by mineral alkali, * which Dr 
Lewis confirms on repeating the experiment. 
Now, as none of the metals adhere to acids 


with ſo much force as to refuſe quitting them 
on the addition of mineral alkali, platina would 
form a very ſingular exception; I therefore 
thought this circumſtance e # of f particufir 
A exatmination: ' | | 


(A) TI tried the common ſolution of OMED 


Vith a ſolution of mineral alkali ; each drop, on 


falling in, excited a violent efferveſcence, but 
no precipitate appeared. I ſtill continued, how- 
ever, to drop in the alkali, and at length the ſo- 
lution began to grow turbid ; and a ſpongy yel- 


low powder was precipitated, conſiſting of a ge. 


nuine calx of platina. 
I afterwards effected the ſame more quickly, 


by employing the mineral alkali dry, and ſpon- 


oy leidet | 
04'S | (s) In 


7 
oOr'PLATIN A. 5: 


() In order the better to determine the dif. 
" Rad efficacies of the fixed alkalis, I divided a a 
ſolution of platina, as yet very acid, into two 
equal parts; to one of them I added ſmall por- 
tions of the vegetable, and to the other an equal 
weight of pieces of mineral alkali. Between 
the addition of every two pieces I waited five 
minutes, till the efferveſcence had ceaſed. Af. 
ter the third addition, I obſerved ſmall cryſtals 
appearing / in the firſt, partly on the ſurface, 
partly on the bottom; while, at the ſame time, 
no ſeparation of calcined platina appeared in the 
latter, until after the addition of fifty-fix times 
the quantity of the vegetable alkali. The diffe- 
rence was, however, {till greater than at firſt 
appears from this experiment; for the vegetable 
alkali was cryſtallized, and therefore charged 
with the water neceſſary to its cryſtalline form; 
whereas the mineral alkali was ſpontaneouſly 
_ calcined ; and although, in equal weights of 
theſe two alkalis, the pure alkaline parts are as 
3 to 2, yet 3 parts of vegetable alkali ſaturated _ 
only 1,71 of this aqua regia, while 2 of the mi- 
neral alkali took up about 2, 6. | 
A difference ſo great as this, ee witn 
the then undiſcovered ſaline nature of the preci- 
pitate firſt thrown down by the vegetable alkali, 
undoubtedly contributed to deceive theſe expe- 
rienced and deſervedly admired chemiſts ; a cir- 
cumſtance which is by no means wonderful. 
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(e) In reſpedt of precipitation, therefore, the 


mineral alkali ſuffers no impeachment; but ra · 


ther the vegetable exhibits a very ſingular habt- 
tude with regard to. diflolved anden which! it 
s not poſſeſs N any other metal. 


* 
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tina may be precipitated. by ſal ammoniac, This 


is a ſingular phænomenon, which we ſhould by 
no means expect from a neutral ſalt, and which 


I have never yet ſeen explained. The follows 


ing obſervations are intended to illuſtrate, this 
Eee. ging 11 40 

() The malate alkali, ns mild or e cau- 
ſlic, precipitates platina in the ſame way as de- 


ſcribed 8 11. o; at firſt it throws down the me- 


tal in a faline form; and, although the grains 
be ſmall, yet they are of a cryſtalline ſhape, 
which, upon examination, is ſometimes tound 
to be diſtinctly octaedral. 5 
Their colour varies according to the. intenſi- 
ty of the ſolution. When red, it depoſits red 


_ cryſtals; and when more dilute, no other than 
yellow. After the ſuperabundant acid has been 


ſaturated, the ſame alkali prog the 15 


na truly exinined: 


0 K he 


| (6) The faline precipitate, though flowly-ta: 
ken up by water, yet, if the quantity of water 


. . x 
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be ſufficient, is totally diſſolved, and may, by 


evaporation, be reduced to more regular cryſtals, 
The mineral alkali diſſolves theſe cryſtals'; 


but ſcarcely any ſigns of decompoſition appear, 


unleſs the yellow ſolution, evaporated to drys 


neſs, be again diſſolved in water; for then the 


metallic calx reſts at the bottom, and the ſolu- 
tion wants the yellow colour. The vegetables 
alkali has ſcarcely any effect in this way; for, 
after repeated exſiccation, the ſolution remains 
clear and yellow; but here it appears very pro- 


bable, that this alkali takes the place of the vo- 
latile; for in larger quantities, and eſpecially 


vrhen the cauſtic vegetable alkali is employed, 


the expulſion of the volatile alkali Is 1 in ban 


degree manifeſt by the ſmell. 


(oe) The volatile alkali, ſaturated with any 


acid, throws down a ſimilar ſaline precipitate; 


at leaſt it produces the effect, whether it be joins. 
ed with vitriolic, nitrous, or marine acids; but 
theſe neutral falts precipitate only a determined 


quantity of platina; for, after the ceſſation of 
their effect, the remaining liquor, upon the ad- 


— 


dition of er, W _ lets 25 wm 


pure calx. 


(o) The hs of: dus precipitated 170 mi- 
neral alkali, and then diſſolved in any ſimple. 


acid, as vitriolic,” nitrous, or marine, exhibits 
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n 
nearly the ſame phenomena with volatile alkali, 
whether diſengaged or atherwiſe, : as it does with ; 
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OFT PLATIN A. 
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the vegetable alkali. | 
(Ex) Upon. e e theſe ant, 
therefore, we may conclude, that platina, diſ- 


ſolved in acids, forms at firſt, as well with the 
volatile as with the vegetable alkali, a triple falt, 
which-is difficultly ſoluble, and therefore almoſt 


always falls in the manner of a precipitate, un- 


leſs che ny of water be more abundant 


"C 


5 oP v. Plating i precpiaes by means 1. Line. 5 


* 


() Lime, whether aerated or cauſtic, preci- 
pitates platina in the ſame manner as the mine- 


ee does; met Aly: amen | 
ance. | 
(8) Upon the e of cheſe no. | 
mena, there appears a ſingular nee between 


the vegetable and volatile alkalis, and between 
the mineral alkali and lime. A like agreement 


takes place between theſe ſubſtances in other 
_ inſtances. I ſhall mention ohe remarkable ex- 
_ ample. Alum, extracted from argillaceous mat- 


ters by means of. vitriolic acid, ſometimes can- 
not, without difficulty, be reduced to ſolid re- 


gular cryſtals ; but, by the addition of a ſmall 


_ quantity of vegetable alkali, this inconvenience 
e a the relate pro- 
Nen . res 


. 


* 


N 
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düces the ſame effect. It may be ſulpected, that 
this is owing to the abſtraction of ſuperabun- 
dant acid; but it cannot be done either by mi- 
neral alkali or lime, both of which are capable 
of ſaturating the acid: Beſides, not only the ve·- 
getable and volatile alkalis aſſiſt the cryſtallizg- 


ſo when united with acid, which makes the re. 
ſemblance complete; The matrixes of alum 
frequently contain the proper alkali, either na- 

turally combined with them, or ſuperadded in 

the roaſting ; and hence it is ſeldom neceſſary; 
in the preparation of alum, to FR 1 my 
ſtallization by alkalis, 


$ vr. Deu with won Platin 1 e. 


It is well eſtabliſhed, 55 of all knows. me- | 
tals, platina is the moſt difficult of fuſion; for; 
in its perfect ſtate, it is ſcarcely to be overcome; 
except in the focus of a burning mirror 3 while 
mercury, on the contrary, finds ſufficient heat 
in the coldeſt winter to preſerve a fluid forms 
But, not long ſince, the celebrated Deliſle diſ- 
covered a method by which platina may be fuſed 

| even by a common fire. Thus the precipitate 
"| obtained by ſal ammoniae, expoſed without ad- 
4 ditament to a moſt violent degree of heat in a 
blaſt- furnace, yields a poliſhed metallic globule, 
| ow is ſometimes ſufficiently | malleable. 1 
e . buave 


tion of alum when they are diſengaged, but al- 
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have repeated the experiment with ſucceſs; but, 


in order to obtain the regulus in a malleable 


ſtate, the quantity muſt BS: TY Imall, 006 the 


heat very intenſe, 

(a) I tried whether MINS ans by 
fal ammoniac, could be fuſed by the blow-pipe. 
In order to make a ſmall portion remain on the 
charcoal, notwithſtanding a violent blaſt, I added 


fo'it a little microcoſmic ſalt in fuſion, and, in 


a few minutes, obtained a poliſhed globule, but 


found means, by the addition of microcoſmic 


ſalt, to reduce ſeven or eight of theſe plates in- a 


to one maſs, equal in bulk to the head of a com- 
mon pin; and, after beating this out, I once re- 
duced it again to a globular form, ſtill preſer- 


for, being en fuſcd, it broke under the 
met 9 


Borax is ſcarcely of any uſe in this operation; 
toy it pre eg g 6s * coal, ier e * : 


Ene 764g | 
() The ahne precipitate Went n by 


hibits the ſame properties-as the foregoing. 


(o) Vfound fo great reſemblance between the 


precipitate occaſioned by the volatile and by the 


vegetable alkali, that 1 ſhould have concluded, 


A _— would prove'to be 


ſimilar; 


fo very ſmall, that, when beaten out, it yielded 
à circular plate of only one line in diameter, I 


ving its malleability, but could not fuſe it again; 


volatile alkali, treated in the ſame manner, ex- 
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ſimilar; but I have often had occaſion to ſee 
how little analogy is to be confided in; I there- 
fore made the experiment with the create: ob- 
tained by vegetable alkali, and ants be con- | 
"ns to be juſt. | 
( o) The cryſtals cakes by 8 | 

| evaporation! (5 H. B), after completely drying, 5 
when added to the microcoſmic ſalt in fuſions 
decrepitate more violently than thoſe obtained 
by means of the alkaline ſalt, (5 1L C; and Iv; 
A). Somewhat, however, remains in the fixed 
maſs, which is not unfrequently reduced upon 
its ſurface, yielding a pellicle of a ſilver colour; 
but I flave not hitherto been able to reduce it to 
a globule. Thus far I have advanced, namely, 
to obtain the platina collected together within 
the ſalt, in a white maſs of an irregular form; 
but the particles of this ſpongy maſs were ſe- 
parable: by mechanical force. This is the caſe 
with the calxes of platina, by whatever alkali 
they are precipitated, (S 111. 4; 1. o; and rv. 
A); therefore it ſeems very probable, that the 
principle which diſpoſes to fuſion is ſupplied by 
1 e 


* 


8 II. Tl of ek} Platina, © x. | 


By the method 1 now deſcribed, I obtain | 
veral very beautiful pieces of regulus: They 
2 
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s true, exceedingly Imall, but wonder. 
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- fully a e and were freed from iron by . 


repeated fuſion with microcoſmic ſalt, more 
completely than by any other method hitherto 


known. It is proper to obſerve, that the crude 


platina was ſelected, and repeatedly boiled in 


marine acid, until the menſtruum could not ex- 


tract any more iron. By this proceſs o, oß were 
ſeparated, the remaining part of the iron being 
doubtleſs ſo enveloped by the particles of pla- 


tina, that the boiling acid cannot have acceſs to 


them. This platina, after waſhing, was diflol. 


ved in aqua regia freed from all iron, and then 
pPrecipitated by the pureſt ſal ammoniac. I 


ſhall therefore deſcribe the qualities of the re- 
gulus obtained from this precipitate. | 
(A) Its colour is that of the pureſt ſilver. 


() The very ſmall globules are wonderfully 
malleable; but, when many of theſe are collec- 


ted together, they can ſcarcely be ſo perfectly 
fuſed as to ere the fame FER wo n 


| bility./ 
(o) A ants nen of great power, does 


b not a& upon them in the leaſt, nor is the moſt 


delicate magnetic needle affected by them. 
(D They cannot be diſſolved by any ſimple 


menſtruum, except the ene marine 


acid. | 
() Aqua regia, compoſed of the ds Mix= 
* diſſolves them; is yellow at firſt, and, when 
mote 9 * on evaporation, the ſolu . 
| | they 
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tion yields ſhapeleſs cryſtalline” grains, though, ; 
I muſt confeſs, that, in the place of theſe; I have 
We Seren neee more een ſaline 

mass. e, VA PS OY 

() Their habits with alkalis e diſen- 

gaged or ſaturated with en are * __ 
> above deſcribodo. | 

(o) The phlogiſticated alkali, well 1 
and freed from the ſmall portion of Pruſſian 

5 | blue which it diffolves, occaſions no precipita- 
tion; but the colour of the ſolution is rendered 
darker. This lixivium; therefore, diſſolves pla- 
tina, as well as ſome. other metals. Not the 
ſmalleſt veſtige of Pruſſian blue appears, which 
yet is evidently ſeen upon the addition of a por- 
tion of martial vitriol, amounting to only 0,001 : 
of the platina contained in the ſolution, although 
0,001 ws martial aan contains r ag 
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6 VIII, Whether Platna be 4 Metal tin om 
7 all eee us 

ö - Although — the . nine eee A 
palace among the metals, yet there are ſome na- 
turaliſts of high reputation, who conſider it as 

nothing more than a mixture of gold and iron. 

We ſhall not here conſider the arguments on bo 
ſides, but reſt entirely upon the concluſions which 

f W clearly from the preceding experiments. 
N (99: AS 
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' ſence in-platina, as is evidently ſhewn both by 
the magnet and the phlogiſticated lixiyium; but, 
whoever examines the metals accurately, will 
find that they never occur in à perfectly pure 
ſtate. Gold is contaminated more or leſs with 
filver, copper, or iron; ſilver with copper and 
atſenio ʒ copper with iron, and that generally 
in ſuch a quantity as to be diſcernible, but ſome- 
times in ſuch ſmall portions as to be concealed ; 
nickel contains cobalt; and ſo on. Let us now 
ſuppaſe that native platina is never found with- 
out iron; yet it does not follow. from thence, 


that iron enters i into it as one minen = 


principles. IG wes af 39v 
(5) This iron may be e ro; or 
at leaſt ſo much diminiſhed, as not to be in the 
ſmalleſt degree ſenſible, either to the magnet or 
the phlogiſticated lixivium, ($ v11.). With what 
appearance of probability, then, can it be ſaid, 
that in depurated platina, (which, in 100, ooo 
parts, is ſuppoſed to contain 99,977 of gold), 
the nature and diſtinguiſhing properties can be 
ſo changeable,” as that a ſmaller quantity than 
 0;00023' of iron (S v. o) ſhall operate ſo as to 
conceal the properties of both the ingredients? 
() I have long wiſhed to get a piece of pla- 
tina entirely crude, and unchanged by art; for 
not only is iron ſuppoſed to be a principle of 
this metal, but it is ag to be magnetic. It 
28 (4) , | is 
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is known, that grains of platina are found mix- 
ed with gold in the bowels of the earth, and 
that the gold is freed from them in iron mills 
by means of mercury. May not the magnetiſm, 
therefore, be occaſioned by the iron which ad- 
heres during this operation, as we know that iron 
receives that property by percuſſion and other 


means? Beſides, a ſuitable ſituation, long con- 


particles of 
that it Fer cbner es Ltepe pure. It may happen 


 tinued, alſo generates that quantity; and per. 


haps to this cauſe may the magnetiſm be owing, 


if it actually does take place in crude platina - 


if not, it muſt be entirely attributed to art. 
In the year 1774, two Spaniards who had come 
to Upſal from America, preſented me with two 
ſorts of platina, one of which had been waſhed 
with mercury, in order to ſeparate the gold; the 
other rude; Which they aſſerted had never been 


expoſed to amalgamation. This latter was to 


me a very acceptable preſent; but my pleaſure 
ſoon vaniſhed for a few ounces of it, expoſed 


to fire in a glaſs cucurbit, ſent forth mercurial 
 yapoury,! which formed into globules on the 


neck of the "veſſel. As platina is mixed with 
there is very little probability 


alſo, chat it repeatedly undergoes that operation 
for even ſuch as is brought to Europe, yields 
grains of gold. When once deprived of the geld, 
it is thrown out; and this it moſt probably is, 
which, after a ſer ex of years, is confidered as pure. 
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UR omnipotent Creator has pag hoe 

\_J the uſe of man an inexhauſtible ſtore of 

natural bodies, which are to be found in the 

external covering of the globe. Some of theſe 

we have accidently learned to employ to our ad- 

vantage, others we have been urged by neceſſity 
to ſeek; and, by flow degrees, and after many 

trials, we have diſcovered the proper treatment 


* 


of them: But the greateſt number we ſtill ne- 

gle& as uſeleſs, being ignorant of their value. 
It is obvious, that in proportion as men be- 
ly acquainted with the vir- 
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tues, qualities, and compoſition of bodies, the = 
more perfectly and eafily will they be able to 15 
. apply them to their advantage and convenience.  - 2 
' \ | . pon that particular, therefore, ſhould our chief „„ akon 
. care be employed; for a proper acquaintance - . 
with the ſtores. of nature will certainly be fol. 
lowed by the application of them to uſe: Never - e 
theleſs, ſo provident has nature been againſt hu- | 
man ignorance and floth, that the rudeſt labour 
is not without ſignal advantage. Thus, in the 
1 darker ages, we find the richeſt minerals uſed 
as tributes, a circumſtance which naturally fol- 
lowed the diſcovery of them; yet they were not 
valued in proportion to their goodneſs. When, 
by the experience of ages, the various qualities 
of theſe bodies were diſcovered, the foundation EN 10 
of metallurgy: began to be laid; and, i in propor- : e 1 
tion as the ſuperior ſkill of men now enables i | 
them to obtain more metal from poorer veins 
nature ſeems to have diminiſhed the former ſu - 
perabundance of theſe productions. The che- 
mical knowledge of the preſent times would be 
too much enriched, if the former abundance 
ſubſiſted; and, on the other hand, the rude and 
unſkilful attempts of the firſt inventors would 


be entirely uſeleſs, had they been cramped bg . 4 
e n is now ene to > ins e „ 
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IF u. Phyjical Qualities of the white Ores of len. 


Theſe ores have — As 4 
tions, from the ſingular heat with which they 
are accompanied. In Germany they are called 
ftab/ein or ſtablertax, (as the iron got from them 
could be changed into excellent ſteel), as alſo 
weiſſe, eiſenſpat, pflinix, and other names. In 
France they are called mines de fer ſpatique, al- 
though it muſt be confeſſed that they are not al- 
ways ſpathous; and that, moreover, many which 
are of a ſpathous texture, and en a _ 
do not belong to this claſs. 
( ) The texture of chelate 1 is any 
the ſame as that of the calcareous ſtone, yet it 
is rarely found compact, and compoſed of im- 
palpable particles; it is ſometimes ſquamous, 
ſometimes granulated with ſmall diſtin& parti- 
cles, ſome of them ſhining, but in general it is 
ſpathous. We do not ſpeak of them here in their 
complete and perfect ſtate; for the figure of 
their parts is more or leſs deſtroyed by ſponta- 
neous calcination ; nay, the whole maſs is ar 
length reſolved into a powder: Sometimes it is 
found ſtalaRitic, fiſtulous, and ramous, or even 
cellular, nay ſometimes germinating like moſs. 
">: (8) They are ſometimes, but very ſeldom, ſo 
hard as to ſtrike fire with ſteel; but though 
(when found mixed with flint, and newly dug 
up) they are of this Kind, yet they ſoon loſe that 


property. 
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property. In other reſpedts, when perfeQ, they 
generally reſemble calcareous ſtone, unleſs when 
expoſed to the air for ſome time, dy which the 


union of their parts is gradually diminiſhed, 


(e) The colour is white, but the ſurface 


which comes in conta& with the air grows gra- 


dually brown, or even blackiſh ;- yet fo long as 


the iron, which is converted into an ochre, re- 
mains in them, they have a ferruginous hue z 
but, though the ſurface is thus changed, the in- 


ternal parts remain the ſame, and, N 8 ; 


or breaking, exhibit the natural colour, 


This change 1 is effected by the air, not upon 5 


the iron, as is commonly believed, but upon the 


white calx of the manganeſe, which is dephlo- 


giſticated by the ſurrounding atmoſphere; a 


circumſtance which it is ſufficient here to men- 
tion, as it will be more e explained = 


hereafter, ($F vu. o). 

(D) The ſpecific gravity of the ore, when 
perfect, varies between 3, 640 and 3,810, and 
is diminiſhed according to the degree of calci- 
nation. That ore, whoſe particles ſcarcely co- 
here, but are quite ſeparated, is from 2,5 to 2,9 ; 
but that which is not perfectly corroded, from 

393 to „ 


(2) The ore, vhether perfect or calcined, is 
rarely attracted by the magnet, though the mar- 


tial part ſometimes amounts to nearly half the 
weight. : we 
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| . * 8 11. Situation of theſe oe. in Manta. 


24 The hie ores of iron are found, but very 


| Cried in Sweden. Suartberger, (i. e. Black 
Mountain), near Schiſshytta, in NDalekarlis has 


its name from its ſurface, which is grown black 
by calcination. This mountain is high, and 


naked upon the ſummit, which is croſſed by a 
broad calcareous vein, with ſhining particles of 
ſpar, and a white ore of iron, together with ga- 

lena, pſeudo galena, and black ore of i iron, py- 
rites, ſchoerl, and garnet intermixed. In the 


old mines at Hzllefors, or the eaſtern mines, 


the rock itſelf appears to conſiſt of a white ore 
of iron. It is ſometimes found alſo in other 


mountains, but generally either i in ſmall quan- 
tity, or very poor in metal. 


Germany is rich in theſe ores: Many moun- 


tains about Smalkald contain them.- In that 
which is called Stahlberger, a broad vein, al- 


' moſt horizontal, occurs from twenty-five to thir- 


ty fathom thick. This conſiſts of an Irregular 
ſpar, in which are diſperſed quartz, and pieces 


of the ore, which are found of a better quality, 
in proportion as they are more deeply ſeated. 


The pendent fide, which is uppermoſt, is com- 
poſed of a ſandy ſtone from nine to twenty fa- 
thom high; but the lower, which is the foun- 
dation, is margaceous, and is found more indu- 


rated 9 the lower parts, and at the very 


loweſt 


AA 1 


. — 1 
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"al is extruded by a blue mica; the ſides 


ſcarcely cohere to the vein. 
In Nauſſavia, the whole mountain 3 


condi of a yellowiſh ore of iron, certain veins 


of which are accompanied with copper, others 
with hæmatites. 


In Upper Stiria, at Ne Gra Arz- 


berg, in circuit 6,000 fathoms, in diameter 9 
and in height 450. It is deſcribed by ſome as 


irregularly accumulated and. concreted, and as 


. conſiſting of maſſes of quartz, charged with ar- 
gillaceous earth and white ore of iron; but 
others contend, that the ore is there found not 
only i in heaps, but alſo in various veins. 


— 


France and Spain e great quantities * 5 


theſe . | 
IT be examples above — from to indicats, 
a that the white ores of iron are found ſometimes 


in heaps, but that they alſo form ſometimes 
veins, ſometimes ſtrata, and ſometimes! whole 


mountains. I have never found that they con- 
tained any organized bodies, a mark by which 


the moſt ancient 3 of the en 3 


sw. eee were bythe 


ere eee Ls She 
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fire, i is a ſudden change of colour: The white- 


heat. 
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the nature of the ſubſtance examined with cnn 
ſiderable certainty, and point out the method of 


treatment proper for larger quantities: There- 
fore it is, that I am of opinion we e ſhould begin N 


our experiments in that way. 20 
) The white ore of iron, expolad: to the 


flame, at firſt is apt to decrepitate,- and that the 


more violently, as it is of a more cryſtalline 
texture; fo that that which is of a denſe tex- 
ture, and whoſe particles are ſcarcely diſcern. 
ible; decrepitates little or none. A certain de- 
gree of ſpontaneous calcination. alls eee 


this deerepitating quality. 2 45 


Another, and a more ee eee the 


neſs ſoon changes to a brown, which quickly 
gives place to a blackneſs, which cannot be diſ. 
, even ' by vietent and e g 


Meer ths dn; what bad by dhe 


| fire, i is always attracted by the magnet, although, 
as is frequently the-caſe, it Favs not ew * 


dient to it before. : 

But the ore alone is not fuſed 0 . 
difficulty, though the fire be violent and long 
continued. Upon fuſion it again eludes the 
force of the magnet. 

(B) A ſmall portion, "added to a alobule of 


microcoſmic falt in fuſion, is diffolved with more 


or leſs efferveſcence, and imparts an iron colour, 
74s 5 AZ 3 that 


f 
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that 17 u grennimh 67 © ewt brown, which, 
upon cooling, grows 1 and at feud en- 
tirely vaniſnes. 

When the globule, after cool: is 38355 "I 
tened, not by the interior and blue cone of 
flame, but by the exterior and leſs defined part, 
a red colour is generated, which alſo vaniſhes 
upon cooling. This is made more diſtin& by 
the addition of a ſmall piece of nitre, but, upon 
cooling, is weakened: Fuſion by the blue cone, 
continued for ſome time, extinguiſhes the red - 
neſs, ſo that the iron tinge appears. In this 
way the red colour may be many times alters 
nately diſcharged and renewed. 

When the globule is ſuperfaturated with the 
falt, upon cooling it grows opake, white of 
black, according to the different quantities of 
the calx and the iron ; and, in the latter caſe, - 
it ſometimes poſſeſſes a metallic ſplendour. - - 

A variety in the proportion of the principles 
occaſions great changes in the phænomena: 
Thus the original efferveſcence is both more 
viſible and more durable when the calx abounds. 
When the iron is deficient, its colour can ſome - 
times ſcarcely be diſcerned; and, When the 
quantity of manganeſe is very ſmall, and that of 
iron large, the redneſs ſcarcely appears pero 
the addition of the nitre. 

© (0) The white ore of iron is diſſolved in the 
ſame manner by borax, viz. the efferveſcence is 

Vol., II. „ more 
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more or leſs conſpicuous, et to the quane 
tity of calx. 3 \ 
The vitreous ;vlobule 8 acquires an We 
ſcure reddiſh yellow colour, which yet, upon the 
continued application of the blue cone, is total · 
ly deſtroyed, the martial tinge remaining: But 
by nitre, or by ſoſtening alone, which is effected 
by the exterior cone, the hyacinthine colour 
above mentioned again appears. Theſe e 
may be produced at pleaſuree. 
By ſuperſaturation the globule becomes * 
| pake, black or white. 
(vp) The mineral alkali, Fab in a; flver 
ſpoon, takes up the ore with an efferveſcence 
more or leſs remarkable, yet divides it but lit- 
tle; nor is the milky globule rendered brown, 
unleſs by a larger addition, and a longer conti- 
nued fire, and then it grows black. W 
(x) Theſe experiments ſhew that the ore con- 
| tains lime ſomewhat filiceous, iron, and man- 
; ganeſe ; and, although theſe ores may appear to 
| ru of little conſequence, yet they have diſ- 
covered to me a new metal, which by other 
means could not be diſcovered. The proper- 
ties of manganeſe, hereafter explained (5 v1.), 
wil illuſtrate this aſſertion more fully. 
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8 v. Free 9 theſe 3 5 e by the Via 
Siccca. 5 


— 23 : . 1 


1 | 5 be + — "5 M7 
oa 2 4 2 


"a 100 parts 18307 parierte and expoſed 
upon a tile to the fire, grow quickly black, and 
become obedient to the magnet. In this expe- 
kiment ſometimes red ſpots appear here and 
there, occaſioned by the admixture of pyrites. 
An heat of two or three hours occafions à loſs 
of weight different according to the variety of 
the ore; the loſs is at the leaſt 15, and at tjñe -» 
moſt 40 aſſay pounds. By a longer continu- | 
ance of the heat, the loſs is not increaſed; ne  « | 
does the black colour diſappear, nor are my 5 5 7. Id 
| ene of fuſion to be obſerved. Tots 
- On calcination, no ſmell is onyre Ag wude 50 
as be an ene of dome eee ; 5 
cles. a 
When he's pieces are fufficiently toalted, and, | 
after cooling, put into water, they often gene- 
rate heat, and form a ſort of lime- water. 
(s) In order to learn the nature of the ſub. 
ſtance expelled by fire, 100 of the pulverized 
ore was put into a ſmall retort, to which was 
adapted a receiver, which, by a lateral tube, 
conducted the elaſtie fluid into a glaſs veſſel full | 
of water, and inverted ; the fire was then gra. 1, 
dually increaſed, until the bottom of the retort _ Eh 3 
began to grow ſoft ; In the mean time, a ſmall . 
quantity of liquor was found in the retort, but _ 
N 2 o I 
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inthe inverted ag a gs quantity of elaſi 
fluid. 

The liquor in the receiver was found of an 
aqueous nature, but, for the moſt part, ſo ſmall 
in bulk, as ſearcely to be collected, ſeldom ſo 
much as o, 1, and never exceeding „. 1 he 
ore, when perfect and cryſtallized, uſually yields 
a little more water than when broken down by 
3 calcination, or when 0 den- 
fer. 
| The elaſtic fluid, when a by mercury, 
ſometimes occupied 30 cubic inches, but was 
generally leſs. On examining this, it was found 
to be moſtly abſorbed by water, and to commu- 
nicate to it a pungent acidulous taſte, together 
with the property of making the tincture of 
turnſole-red. It precipitated lime-water, extin- 
guiſhed flame, and deſtroyed animal life. Theſe 
properties ſhew. it to be the aerial acid. The 
portion which remains and refuſes to unite with 
water, is common air, which doubtleſs was at 
firſt contained in the retort, When the aerial 
acid is ſeparated by water, a ſpecies of deflagra- 
tion takes place; yet it ſhould be obſerved, that 
inflammable air is almoſt always abfent. 

The black refiduum in the retort, though it 
be not ignited, is ſometimes attracted by the 
magnet. 1 

(c) This ore, pulverized and Wen upon 
hot * exhibits a kind of phoſphoric appear- 

| | _ ance, 
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| ance, which is light and momentary; but, when 
expoſed to fire alone in a cloſe crucible, it quick. 


| ly liquefies, and perforates the bottom. This 
effect is occaſioned by the calcareous earth in 


the ore diſſolving the ſiliceous and argillaceous 
earth of the veſſel. Theſe three, when mixed, 
eaſily flow; and beſides, the calxes, both of 
iron and manganeſe, which are here preſent, 
promote the vitrification very much. ] 
(o) The powder, let fall into nitre, fuſed and 
h zonited, ſhews no diſtin& detanaton, Dyk. a 
crackling is heard. 
(̃. ) I have attempted the reduction of theſe 
ores by many different ways, but it is only ne- 
ceflary to mention thoſe which are n ä 
uſeful in the extraction of iron. | 
The firſt, moſt ſimple, and, in many caſes, 
the beſt, is this ; The bottom of a crucible is 
covered, to the thickneſs of about half an inch, 
with powdered charcoal. This powder is moi- 
ſtened with water, mixed with a ſmall portion 
of argillaceous earth, ſo that, upon compreſſion, 
the particles may the better adhere together, 
and to the crucible. The ſides are lined in the 
ſame way, but thinly. The ſuperficies of the 
ſtratum ought to be rather concaye, ſo as to re- 
ceive in the lower part 100 of pulverized ore, 
covered with calcined borax; for that which 
ſtill retains the water of cryſtallization upon 
os diſperſes many ee of the ore. 
N 3 - Finally, 
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| Finally, another crucible is to N. We 'Ty . : 
luted on, and the whole expoſed to a proper fire. 


The ſecond method is this: 100 of the ore, 


mixed with an equal weight of mineral fluor, 
and half of apyrous clay, is put into a erucible, 


prepared after the manner above deſcribed, and 
treated in the ſame way, 2 winnen 5 addi- 


tion of borax. 


The third is directed bet D. Scheffer: To : 1 
part of ore are added 1 of tartar, 1 of charcoal- 


duſt, 1 of glaſs, x of white, and 2 of black flux; 


the mixture is put into a crucible prepared A 
out lining, and ſhut as before. 

The fourth, which has been long in 9 is 
deſcribed by Snack, and is preferred to all others 


by D. A. Swab, although it is very complex: 
To 100 of the ore are added an equal weight, 


or 100, of ſal ammoniac, 100 of tartar, o of 


glaſs gall, 50 of borax, 50 of charcoal. duſt, and 
of black flux 200; the mixture, put into an un- 


prepared crucible, is covered with common ſalt, 


: and, being covered, expoſed to the fire, 


In order to compare theſe different methods, | 
with reſpect to the white ore of iron, I treated 


different portions of it according to all the dif. 
ferent methods, and that without previous cal- 


cination, which in this inſtance is of no effect. | 
That which I tried was a ſpathous fruſtum, not 


. ones 4 caleination, ee from e 


o %E 


| EO Ot 
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ſplendour of filver - '- - = 42 
According to the ſecond, of a * * 

an aſh co lou. 9 7 839 
wy the third, a regulus of an it colour, e 


but nearly cryſtallized on the ſurface 207 


By the fourth, of a regulus almoſt white 5 
1 Plendid aden 9 — BY as ed 


* 


I bunt Aae ihe ſame pete to hold 


with the ore of Naſſau, and, with the other ores; 


examined in the ſame way. In general, the 


weight of the regulus never attains to 5o,- but 


is often zo, 20, 10, nay even ſometimes. no 
more than 2, though the ore has been made 


black by roaſting, and is attracted by the mag- | 


net; but hereafter it will be demonſtrated; that 


the blackneſs by fire is not occafiotied by the 


iron, but by manganeſe.” The pureſt calcare- 
ous ſtones are feldom- entirely without iron. 
The cleareſt Iceland ſpar grows red by long 


calcination, and, even by the humid way, yields 


its metal to phlogiſticated alkali. 
The ores which are ſo poor as not to yield a 
regulus without difficulty, are uſually brought 
to that ſtate by a ſmall quantity of white arſe- 
nic, or rather of litharge; for, by this method, 
the ſcoria is made thinner, and the ſmall glo- 
bules permitted to ſubſide and collecc. 


. N I OW” 


Of this 100, according to the firſt me. 
thod, yielded of a regulus nearly of the lb. 


. . 
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RT The white ores of iron form . 


with acids, but, in general, more weakly than 
the calcareous ſtones; and ſometimes no mo- 


tion is obſerved; unleſs pulverization and heat 
be both employed. That ' calcareous earth is 
preſent, will appear from what follows: But the 
reaſon why it only efferveſces lowly, is to be 
fought partly in its proportion, and partly in its 


intimate connection, with the other principles. 


() All thoſe acids which are uſually called 


mineral, diſſolve this ore, if it be well pulveri- 
lution made by vitriolic or marine acid is gene- 


rally of a yellow green; that by the nitrous of 


2 red or yellow brown ; The marine acid diſ- 
ſolves it ſooner than the reſt. Theſe colours 


vary a little, in proportion to the quantity of 
metallic parts, Sometimes a brown redneſs at 


firſt appears, which then vaniſhes, but ſometimes 
_ perſiſts, unleſs ſugar, « or ſome ſubſtance rich i in | 


phlogiſton, be added. 


Almoſt always ſomewhat remains bel, | 
which yet, upon examination, appears to be of 
2 different nature. I have frequently ſeen graing 
of ſchaerl, zeolith, quartz, mica, nay fibres of 


aſbeſtos intermixed: But theſe are foreign mat- 


ters, which, ee they ine form above 
% 
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nent part of the ore. 


Ts ſolution made by vitriolie acid, upon 
evaporation yields green martial cryitals ; and 
that made in marine acid, without heat, ſome» 
times by ſpontaneous evaparatian. concretes in · 
to (pathagooue form, campaſed of hollow ane. 
mids. 5 
(e) During the ſolution. an elaſtic vapour ; 

eſcapes, which, when extricated by vitriolic or 
marine acid, is nat inflammable, even although = 


the crude ore be attracted by the magnet. 


The quantity. of water is eaſily diſcovered by 
performing the operation in a large» bottle, 


cloſed io as to give exit to the glaltic fluid, but 
not to the moiſture; for the diminution. of 
weight, in this caſe, indicates only the volatile 


aerial fluid ; whereas che loſs ſuffered during 


calcination, ſhewa the weight both af the dhe 


fluid and of the water, A > ; 

(v) As the various qualities or mentioned 
indicate the preſence of lime, I attempted to ſe. 
parate it in the following way: Let à portion of 
the pulverized and calcined ore weighed, be 
put into diluted nitrous acid, and let the mix- 
ture be ſhaken for a quarter of an hour; after 
which, let the powder be collected on a filter, 
and the clear liquor precipitated with aerated - 
fixed alkali; By this method a white ſediment - 
was obtained, which, upon 2 


. G 
\ So. 


* 
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all the properties of lime.- 1 employed the cal: 


cined mineral, and the nitrous acid, leſt any 


thing metallic ſhould be taken up during the 


ſhort agitation, otherwiſe the end might be an- 
fwered by the marine acid; but then it is ne- 
ceſſary, in evaporating the ſolution to dryneſs, 


to expoſe it to a more intenſe heat, that the diſ- 
ſolved metal may be ſpoiled of its menſtruum; 


for the lime retains the menſtruum more obſti- 


nately: Hence, after this operation, the falited 
lime may de elixated from the reſiduum by 99 1 


ter, and precipitated by an alkali. 
The weight of lime varies much; in fome 
onen I found a "few hundredths ; in the ſpatha- 
ceous kind, about o, 1 conſiſts of lime; in o- 
thers 0;5 3 but it is never entirely wanting. 
(x) Into a ſolution of the ore made with the 


pureſt marine acid, I poured a few drops of ſo- 
lution of terra ponderoſa in the fame menſtruum; 
but the tranſparency was not in the leaſt diſ- 
turbed; from whence I conclude, t that wre is we 


vitriolic acid preſent. e 4 

(x) The ſame is true of the marine TY for 
Fexamined the ſmall portion of water r! 
ſolely by heat in the diſtillation, (§ v. B), and 


could not, even by paper tinged with turnſole, 
diſcover any traces of an acid. I alſo poured 


concentrated vitriolic acid upon the powdered 
ore in a retort, and into the receiver a ſmall 
Lac * diſtilled * a8 water very greed- 


. . 


- 


* 
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ily attracts the marine acid in a ſtate of vapour; | 
but neither by the ſmell, by any viſible vapour, 
nor by precipitants, could I diſcover the ſmall - 


eſt ſigns of a mineral acid, unleſs the heat was 
increaſed to ſuch a degree as to force over ſome 
of the vitriolie acid. The water in the receiver 


was not at all diſturbed by ſolution of ſilver, al- 


though, upon touching it with the end of a'glaſs 
rod wet with marine acid, the ſilver was imme- 


5 diately e 2 a wa ſediment 70 8 


rated. 


1 conclude; 89 with ond; that the 


vitriolic and marine acids, if they ſometimes 


happen to be preſent, do not belong to the pro- 
per compoſition of the ore; and, in fact, how 


could the aerial acid exiſt together with theſe, 


being eaſily expelled by either of them? and 
how could the marine acid, which with lime 
and iron forms deliqueſcent ſalts, in this cafe 
| form with them an ore which not only remains 
dry in the open air, but even ee ſpon- 


taneous einen 7 


* 


8 VII, Pra, Proerie of Mangoneſ | 


1 have hitherto frequently named manganeſe, | 
and mentioned ſeveral circumſtances which can- 
not be properly underſtood without previouſly. 


conſidering its nature. It is neceſſary, there» 
rc before we * further, to deſeribe the 
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principal properties of this ſubſtance, ſo far as 
they have hitherto been diſcovered. | 
(A) The mineral ſubſtance which 18 called. 
black, or glaſs-makers magneſia, is ſcarcely any 
thing more than the calx of a new metal. | 
It is many years ſince I began to ſuſpect that 


ſome metal, different from all thoſe formerly 


known, lay concealed in magneſium, being 
partly led to this opinion by the ſpecific gravity, 
partly by its property of tinging glaſs, and part- 
ly by its ſeparating from menſtrua on the addi- 
tion of phlogiſticated alkali, a circumſtance 
which takes place with all the metals, but not 
with any earth, In the mean time, I attempted 
the reduction of it in various ways, but in vain; 
for either the whole maſs ran into ſcorig, or I 
obtained only diſcrete ſpherical atoms, ſo much 
loaded with iron as to be magnetic. On ac- 
count of its being ſo difficult of fuſion, I at firſt 
_ imagined it had ſome affinity with platina. At 
length Mr Gahn, without knowing any thing 
of my experiments, ſucceeded in obtaining lar. 
ger pieces of regulus, by means of a moſt in- 
tenſe heat ; and Mr Scheele, in 1774, publiſhed 
ſeveral curious facts relating to manganeſe. The 
principal things reſulting from the experiments 
of theſe gentlemen, and from my own, ſhall be 
the ſubject of the following pages. | 

(B) The reduction is effected in the follow- 
ing way: A certain quantity of manganeſe, 


forme 
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formed with oil or water into a ball, is put into 

2 crucible prepared with charcoal-duſt, as be. 
fore deſcribed, (S v. =), the empty ſpace is then 
filled up with charcoal-duſt ; another crucible. 
is inverted by way of cover, and luted, and the 


whole apparatus expoſed to the moſt intenſe. _ 


heat which the laboratory can produce, for an 
hour, or more, if neceflary. The veſſels being 
cooled and empried, a regulus is formed, ſome. 


times conſiſting of many pieces, which, colle&ed, 


in ſome caſes amount to o, 3 of the manganeſe, 
If the fire be weaker than neceſſary, either no 
reduction takes place, or the metallic particles 
are diſcrete, not being ſo fuſed as to run pro- 
perly together. If, during the operation, the 
crucible falls, ſo that the metal ſhall touch the 
naked fide of the veſſel, vitrification is inevitable. 
(o) The metal obtained, which I call manga - 

| 118 is about the ſpecific gravity 6, 8 50. 
The ſurface is generally brown, and the lar- 
ger pieces of regulus are ſcaree ever found glo- 
bular, but knotty and irregular, which, no 
doubt, is owing to the difficulty of fuſion, in 
which it ſeems to exceed even forged iron. 
Being harder than iron, it breaks under the 
hammer: The fracture is irregular and rough, 
with a ſort of whitiſh metallic ſplendour, which 
ſoon ſpontaneouſly grows brown, Even the 


ſmaller pieces are not magnetic; but the po-. 8 
der is s generally obedient to the magnet, though 
| | „ 


* 
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| the admixture: of iron "yo quien wh all 8 


_ care. ; 

Some {mall pieces, Wes to the Grelin an 
Hellan crucible, in a blaſt-furnace, and kept 
there for twenty minutes, yielded a yellowiſh 


brown glaſs; and a ſmall globule of iron. Here 


a remarkable difference between the two metals 


is obſerved, the manganeſe vitrifies, the iron 


perſiſts, and is formed into a regulus. 
The regulus, when well fuſed, 3 per- 
ſiſts in a dry place, but ſometimes undergoes 
ſpontaneous calcination, and falls into a brown- 


il black powder, which is found ſomewhat 


heavier than the perfect metal; yet, when freſh; 
contains ſo much phlogiſton as to produce in- 
flammable air, on ſolution in vitriolic acid. This 


phlogiſton it loſes by time. The cauſe of this 


ſpontaneous reſolution is not yet ſufficiently; ex- 


plained; but it appears very probable, that, on 


account of the weakneſs of the fire, the parti- 
cles ſometimes coaleſce ſo imperfectly, that, 
when the dephlogiſtication again begins, they 
eaſily loſe their mutual connection. Moiſture, 
but particularly the acceſs of aerial acid, aſſiſts 
this operation. A ſmall piece, put into a dry 
bottle, well corked, remained perfect for the 


ſpace of ſix months, but aſterwards, expoſed to 


the open air of a chamber for two days, con- 


tracted a brownneſs on its ſurface, together with g 


= much. friability as to crumble between the 


Fas 


* 


f# 


or AH N, ORS of RON. 297 


S The internal parts, however, retained 
an obſcure metallic ſplendour, which diſappear» + 
ed in a few hours. A piece more fully i impreg- 
nated Wh iron reſiſts the action of che air da 
rer ainagigad nba: Hic anni 
( To melts readily. with other ak pure 
mercury excepted. Copper, united with a cer - 
tain; quantity ol it, is extremely malleable; but, 
upon the ſurfacs f this mixture, when poliſhed, 
ſcarce any traces of the red colour are to be 
ſeen. This mixture ſometimes, by age, pro- 
duces a green effloreſcence. Tin very eaſily 
unites with manganeſe; but zinc not without 
much difficulty, perhaps on account of its vola- 
tile and inflammable nature. White arſenie ad- 
heres to it, and, by means of eee reduces 
it to a metallic form. OY 
( . Manganeſe; calcined, iy fog "ads: a 
blackiſh calx; but, if the ignition be continued 
for twelve 5 it acquires a dark green colour: 
Sometimes alſo it produces a white or a red 
calx, both of which we ſhall treat ſeparately (6) - 
The black calx retains a very ſmall portion of 
_ phlogiſton, but the white abounds with it ſo 
much chat it is ſoluble in acid. 
All theſe varieties, in a common a crncible, 0 
means of a ſufficient degree of fire, run into a 
yellowiſh red glaſs, which is pellucid, unleſs too 
great a degree of thickneſs renders it n. 
ous to the 82 of ligt. 


| The 
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E | The black el of manganeſe, by a pivuliay 
ing: when thized with other ſabſtatices, at- 


tracts phlogiſton, and exhibits ſeveral remark- 
able phanomena both by fire and felution; the 

chief of which we ſhall er. weg — 
| how which oceur in fuſion. 

- (+) In order to diſcover this genuine habits 
of this ſubſtance, we muſt employ the blow. 
pipe; for, by means of this inſtrument, we can 
diſtinQly ſee all the ſuceeſſive changes oecaſion · 
ed by fite, from the beginning to the end · 

Let à globule of mieroceſmie ſalt be fuſed 
upon the charcoal, and to it be added a ſmall 
portion of the black cal + Let this mixture be 
fuſed, by means of the interior blue flame, for 
a few minutes, and it will yield a bluiſh red pel. 
lucid glaſs; but, if the quantity of ealx be 

greater, it is of a rich red. Let it be again 

fuſed, but for a longer time, and we ſhall find 
the tinge totally deſtroyed. Let the globule, 
terior flame, and the colour quickly returns, 
and may be again diſcharged by continued fu- 
ſion. The ſmalleſt particle of nitre, too, added 

to the glaſs, inſtantly reſtores the red colour; 
whereas ſulphur, and the ſalts containing vitri- 
olie acid, contribute to diſcharge it; as alſo do 
the metallic calxes, although theſe, in proper 
quantity, communicate each its o —_— | 


| colour. 


The 


* 


colour, if fuſed i in a ſilver ſpoon, recovers its 
' redneſs, which it retains notwithſtanding a long 


without a new addition. . 


diſengaged part muſt therefore neceſſarily attrat - on 
| phlogiſton from the ignited charcoal, which is 
again taken from it by the calx of the manga- 0 AN i 
neſe. Now this calx, by a certain „„ 8 1 
phlogiſton, is reduced to ſuch a ſtate, that it ex- 


the ſeven. primitive colours when collected form Ts of 
ble light of day, at once white and tranſparent. +. "one 
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© The glaſs globale, after being deprived of all 


continued fuſion: | Inflammable additaments in» — ; | 
deed extinguiſh the colour, but this is eaſily re« : 
ſtored by fuſion z nor can it again be Wen „„ 


Theſe changes are 8 to the eye, and | 

of themſelves very remarkable. Upon conſi- 

dering the whole, it will readily appear, that the 4 
cauſe of them is to be ſought in the differeenn ___ 
quantities of phlogiſton. Let us firſt examine 
the moſt ſimple caſe. The globule of micro- "8 
coſmic ſalt fuſed, conſiſts of the phoſphoric acid 00%. 2 OO 
only, partly ſaturated with mineral alkali. The „ 


hibits no tinge, almoſt in the ſame manner as 


Now, whatever dephlogiſticates the glaſs, de- 
prived of this tinge, reſtores the redneſs ; and 
this is effected by the nitre and the exterior 
flame, - 3 25 „ 
Theſe changes cannot _ ater in the ſilver / 1 oh 
ſpoon, becauſe, in this caſe, the ſupport does not / IM 


_ ſupply any phlogiſton; z and therctore the colour- WE 
"TN I. ; | O * | leſs p 
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leſs FE fuſed upon it, is en deprived 


of the quantity of phlogiſton i it had before im- 


bibed by the ſurrounding air; a loſs which, in 
this inſtance, cannot be repaired, and A | 


the globule continues red. 


The additaments capable of deſtroying hb + 
colour are ſuch as naturally contain phlogiſton, 
ſuch as ſulphur and white arſenic ; or, at leaſt, 

ſuch as eaſily take it up from the coal, ſuch as 


gypſum and the other ſalts containing vitriolic 


acid, which thus readily run into ſulphur. The 
metallic calxes, too, are of ſuch a nature, that 


they take phlogiſton from burning charcoal, 


| which they are immediately obliged to give up 
to the calx by means of its ſuperior attraQion. 


The phænomena above deſcribed and explain- 
| ed alſo take place with borax, but with ſome 
difference. The colour with microcoſmic ſalt is 


- 


a bluiſh red; that with an equal quantity of 
borax, a yellowiſh red; but, in both caſes, by 


- ſaturation, the ſame intenſe red is obtained. By 


fuſion upon charcoal, too, the tinge is not de- 
ſtroyed ſo ſoon in the latter caſe, as borax at- 
tracts phlogiſton with leſs 45 than the * 


| ie acid does. 


If a ſmall quantity of * of manganeſe be ; 


added to an alkali, either vegetable or mineral, 


fuſed in a ſilver ſpoon, and the fire continued 


a whitiſh blue; ; ors if any iron be ents it ac- 
quires 5 


for a few minutes, the globule ſoon becomes of 


[ 


| 


; 
| 
| 
| 


| x. 
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quires a green tinge: Bok Jake quantity, the 


colour is made more intenſe, / even ſo far as to 


appear nearly black ; but the maſs fuſes flowly, 
and by being marked with ſpots, ſhews an, une- 


qual diſtribution, If to the fuſed maſs be added. 
either powder of charcoal or white arſenic, th 
calx of the manganeſe is phlogiſticated, and the 
colours periſſi: Hence it appears why common 
cryſtalline glaſs grows red by the admixture of 
b 5 nganeſe; but, if the mae ſalt prevails in 


it, it contracts a violet cola 8 


Nitre, fuſed in the ſpoon, flows about; but, 
added in ſmall quantities to the alkaline ſalt, 
does not deſtroy its globular figure. In this 
caſe the colour is changed to a green, by the 
addition of a ſmall quantity of calx of manga- 7 
neſe, on account of the calcined 3 Iron FATE in 


the blue maſs. 


Many of theſe changes take cvs in a cruci- : 
ble, but not all. The red glaſs, indeed, upon 


the addition of powdered charcoal, efferveſces, 
and is deprived of its tinge ; but the falts con- 


taining vitriolic- acid, and the ignoble metallic 


calxes, (except white arſenic, which eaſily yields 


its phlogiſton), are of no effect; for, although 
the veſſel be red hot, neither the acid nor the 


calxes are thereby ſufficiently loaded with phlo- 


' giſton, and that portion which they naturally 
contain, in this caſe is not ſeparated : The con- 


0 of "_ coal is neceſſary, 
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Tete things being Won; ir vill not be dif. 
ficult to explain the uſe of manganeſe lin the 
vurification of glaſs; for the iron, which conta- 
minates a vaſt number of bodies, adheres not 
only to the alkali, but to the ſiliceous earth of 
which the glaſs is compoſed.” Now this metal, 
in order to enter the texture of glaſs, muſt be 
en of a certain quantity of phlogiſton. 
. * The great quantity, however, of that principle 
with which it is capable of entering glaſs, pro- 
dudes a green colour, in the ſame way as by ſo- 
lution in acids (particularly the vitriolic) it pro- 
duces a green vitriol: Yet this ſalt, on being 
r diſſolved, ſucceſſively loſes more and 
more of its phlogiſton; for that reaſon grows 
pale, and at length is changed into a browniſn 
red lixivium, which refuſes to cryſtallize. If 
now ſo great a portion of manganeſe be added 
by fuſion to glaſs, that, on the one hand, the 
phlogiſton occaſioning the green colour may be 
abſorbed, and, on the other, by means of that 
' phlogiſton the calx be deprived of all colour, 
we ſhall have a glaſs colourleſs as water. TOO 
great a proportion of manganeſe will impart its 
own colour, too ſmall a one will leave a part of 
the original green in the glaſs. The latter ex- 
ceſs, however, is preferable to the former; for 
a very flight degree of green is not en 
in glaſs, unleſs when it is fo hot as almoſt. to li- 
_ ; and this, TR cooling, becomes again 


entirely Y 
. | 
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entirely inviſible. But the iron, if too much 
. daäeſßpghlogiſticated, communicates a yellow hue, 
KP - which cannot be removed by the calx of man- 
FF - _ ganeſe, but like the green when weak, can on- 
ly be perceived in the glaſs while hot. 
(so) The habits of manganeſe, examined by 
ſolution, confirm and . che former ex- 
'- periments. 5 „ 1 
| The vitriolic acid, even when concentiansd, 
attacks manganeſe in its metallic form, but 
-much better when diluted with double or triple 
the quantity of water: Innumerable bubbles a- 
riſe, which, when collected, are found to be in- 
flammable. It is diſſolved more ſlowly than 
iron, and leaves behind a black ſpongy ſub- 
ſtance, of the ſame figure as the metal: A ſmell 
is perceived ſimilar to that occaſioned by marine . 
acid with iron. The ſolution is colourleſs, like 
pure water; and; upon evaporation, depoſits 
very bitter ſpathous cryſtals, which are clear and 
- colourleſs ; but, on the addition of alkali, lets _ 
fall a white precipitate, which we formerly cal- AS. 
led the white calx of omar and is now W.- 
be more accurately examined. | 1 
It readily appears, that this white 118 of 
manganeſe, or more properly white aerated 
manganeſe, is not ſaturated with phlogiſton, as 
it wants the reguline form; and, that regulus 
of manganeſe, during ſolution, is deprived of 
a Tg ot its den is the kſs doubtful, 8 Ag 
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as it is cerfain, that, during that proceſs, inflam- 
Wo mable air is generated. This calx, however, 
xetains preciſely that quantity which is neceſſary 
. to render it ſoluble in acids; and, when this 
portion is diſſipated by a white heat in open air, 8 
ſtce calx grows black, and aſſumes the properties 955 
bf the black calx, which we have been conſ t: 
Aeering. Here we muſt obſerve, that a ſolution | 
| | of manganeſe, much diluted; although with 
| aerated alkali it affords a white precipitate, yet 
». with/ the- cauſtic alkali yields either at once a | 
brown calx, or one which ſoon grows black in | | 
the open air, The reaſon is this: Aerated al- oy 
kali yields the aerial acid to the falling calx, as 
5 is eafily ſeen from the increaſe of weight, - the 
3 efferveſcence of the precipitate with acids, and 
by pneumatic diſtillation: But, in this caſe, the 
acids fix the quantity of phlogiſton neceſſary to 
ſolution, as is ſeen from hence, that the pure air 
contained in the atmoſphere or in water, al- 
though extremely greedy of this principle, is 
REY yet in this caſe not able to ſeparate it. But the 
. white calx is eaſily taken up by all acids, and 
4 does not at all tinge the menſtruum, unleſs it 
be ſenſibly mixed with iron. It follows natural- 
Pf, that the calx, precipitated by aerated alkali, 
ſould efferveſce with acids: It is allo to be ob · 
ſerved, that the whiteneſs is the more perfect, as 
the quantity of iron is leſs, as this foreign admix- 
{ure ſullies the colour by a yellow or a brown. 
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Me now proceed to the calcined black man · 
ganeſe: This, when either old or well calcined, 
is only taken up in ſmall quantity by boiling in 
vitriolic. acid ; nevertheleſs, if the menſtruum 
be added by ſucceſlive portions, each of which 


renders a little ſoluble, it may be gradually ſa. 


turated; and then, with aerated alkali, depoſits 


a white calx. This ſeems to indicate, that the : : 


calx, though dephlogiſticated, yet poſſeſſes a 


(mall quantity of phlogiſton, which is, inſufficient 


for the ſolution of the whole; notwithſtanding 
which, the menſtruum may be ſufficiently ſatu- 
rated by ſuch. particles as lie next adjoining to 
it: Theſe, N means of the acid, are capable of 
taking the neceſſary phlogiſton from the more 
remote, if the number of them be ſufficiently 


great to ſupply the quantity of W which _ 


is requiſite for ſolution, 


A ſingular tranſlation we have _— 84 2 


to take place in the via ſicca; and, that the 
ſame i is the caſe, the circumſtances now to be 
related will put beyond all doubt. The calx, 
thus exhauſted, altogether rejects the vitriolic 
acid,” unleſs ſome ſubſtance charged with phlo. 
giſton be added, which phlogiſton is, by means 
of the acid, transferred to the calx : Thus, upon 
the addition of ſugar, honey, gum, or other.ſuit- | 
able ſubſtances, the ſolution may be promoted 
and completed. Such of thoſe ſubſtances as, 
_ the abſtraction of their phlogiſton, periſh, 
5 0 3 i 9 


. 
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(namely organic bodies), leave no other A 
of themfelves in the ſolution,” than the phlogiſti- 
cation above mentioned. A ſimilar effect is al- 
o produced by the metals, not only the imper- 
fect, but, what is very extraordinary, even by 


gold itſelf: This eſpecially takes place in the 
marine acid; but, in all caſes, the metallie 


calxes are caſily Touhd in the ſolution. We 
have ſaid, that phlogiſton is eaſily transferred, 

by means of the acids, to the black calx; and 
that this, when loaded with phlogiſton in proper 
quantity, is diſſolved; and' this we have affirm. 
ed not without reaſon; for the calx, when boil- 

ed with ſugar diffolved i in water, iggpot ſupplied 


with phlogiſton, nor is the er, but 


— 


” Fa 


remains complete; and, when it is ſeparated by 


lotion, the calx is found inſoluble as before: 
But, if an acid be alſo added, by its means the 

calx takes & quickly as much phlogiſton as is 
neceſſary to make it ſoluble; nay, the phlogiſti- 
cated vitriolic aeid, when poured upon the calx, 
ſoon loſes its ſmell, and diſſolves 1 it t readily with- 
out any aſſiſtance. 

Another method of ſolution has allo been 
found out, which clearly ſhews the great attrac- 
tive force this calx poſſeſſes with reſpect to phlo- 

giſton. Thus, let the vitriolic acid be drawn 
of from the black calx ſeveral times, with an 
. heat approaching to ignition, in_a glaſs veſſel, | 


| vi open or ſhut; after each operation, let 


— þ 
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die labile part be elixated with water, aid at 
length nothing will remain. From whence; 
then, is derived the phlogiſton neceſſary for ſo- 
lation? I anſwer; from the decompoſition of 
the matter of heat, which conſiſts of pure tr & 
joined to a determinate quantity of phlc | 
In border to ſhew that this is not bare con — 5 
ture, let the operation be performed in a cloſe 
veſſel, to which is adapted a pneumatic appara - 
tus; and, towards the cloſe of the proceſs, pure 
air is copiouſſy produced, which is extricated 
while the phlogiſton is uniting with the caleined 
manganeſe. The calx is indeed of itſelf capable 


of decompoſing the heat, but cannot be render- : Dy 


ed ſoluble without acids. 11 the acid, a little 
diluted, be drawn off only to dryneſs from. one 
half its weight of black calx, water is able to 
take up by elixation upwatds of one fourth of 
the calx. This water is of a beautiful red, and, 


on due evaporation, yields cryſtals of the ſame 


colour. This tinge indicates a deficiency of 
phlogiſton, a-deficiency which, as has been al- 
ready ſaid, may be ſupplied either by continu- 


ing the abſtraction to Wen. or . _ fuit- 54 


able phlogiſtic additaments, | 

We have hitherto only conſidered the vel 
and the black calx; it is proper now to beſtow 
ſome attention upon the other yarieties : That 
which is produced by the ſporitaneous calcina: | 


Bag, | 


as? or 1 ar WHITE ORES or IRON. EO SEE, 

but, in the open air, grows more brown; and, 

in about fourteen days, the weight is increaſed _ _ 

by 0,35, and is again diminiſned a few hun 

Axedths, on expoſure to heat. The humidity 7 
which had been attracted from the atmoſphere 
being now expelled, this calx, in proportion as 

it is more newly made, and leſs. expoled to fire, 
Is. the richer in phlogiſton, and is the more 
quickly diſſolved i in vitriolic acid, with which it 
produces a bluiſh red colour. This elegant 
tincture, gently precipitated by means of aerated 
alkali; at length ſhews ſome red particles ſubſi- 
ding, which yet, collected on a filter, grow yr 
brown. It appears very probable that the red | | 
calx forms a ſort of medium between the black 
and the white, being more ſoluble than one, 
and. leſs. ſoluble than the other; and that the 

colour indicates the imperfect ſtate of the ſolu- 
tion; for, by the addition of ſugar, it is dif. 
charged in a few minutes. To this claſs doubt- | 

— Og the red and brown ores of manga- 
neſe. The particles enveloped in tranſparent 
matrices afford very beautiful ſpecimens, more 
or leſs pellucid: Thus the red {pathous ore 

Which is got at Klapperud, in Dalia, is found 

_ filled with zeolith; fo that a ſmall piece, gra- 

| dually put into an acid, is ſpoiled of the red 
cCealx, from. the ſurface ſucceſſively inwards to 
tze center, though the original form and mag 

+ nitude remain. The remainder, upon exami- 

nation, 
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nation, is found nr the ani 
laceous and calcareous parts of the Zeolith ma- 
trix are extracted by the wh: e with e 
calcined manganeſ . 
Both the red and che colourleſs TE of ol 
—_ are precipitated. by. a phlogiſticated alkali 
of a whitiſh Wen. Aale the: 1 iron be ſuper. 
abundant. ; 
It has already 3 e * 5 black = 
calx of manganeſe, grows green in 3 red heat, 
which was firſt remarked by the celebrated Rin- 
man, upon making the experiment on a ſpecies 
of black calx of manganeſe, which muſt yet be | 
particularly diſtinguiſhed ;. for, though it con- 
ſiſts for the moſt part of a black calx, yet it con» 
tains a number of heterogeneous particles, ſuch. 
as calcareous and ſiliceous earth, and terra pon- 
deroſa, ſubſtances which are always mixed with 
the Swediſh. calx. This green calx_is found | 
concreted into looſe grains, is made white by the 
vitriolic acid, and corroded into a ſubtile POW». 
der; but very little is diflolyed, even by the 
addition of ſugar ; nor is a red Boe ever 8 
duced. ; . 
Having thus — pretty fully of the 5 vitrio. 
lic acid, let us now briefly conſider the other | 
acids. 
The nitrous al difſolves the — 1 Js a 
55 certain efferveſcence, occaſioned by the genera- 
* of nitrous air; * a ſpongy, black, and 
DR: 1755 friable 
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* friable body remains, reſembling molybdæna in 
its properties, ſo far as the ſmall quantity of the 
matter would permit experiments to be made. 
The other menſtrua alſo exhibit a ſimilar reſi- 
duum. The ſolution is ways brown, which i is 
occaſioned by the iron adhering to the manga- 
neſe. It ſcarcely/ acquſres à red colour. The 
white calx is very readily taken up by the acid, 
during which operation the aerial acid is extri- 
cated, but no nitrous air appears. The ſatura- 
ted metiſtruum has the appearance of water, un- 
leis iron be preſent: The black calx is very ſpa- 
ningly diſſolved, yet a faturation is effected by 
means of a'large quantity of the calx. Phlogi- 
Nic additaments complete the ſolution; but theſe 
are not neceſſary if the acid be employed in a 
phlogiſticated ſtate. In this caſe, the decompo- , 
| fition of heat ſeems to have leſs effect, as the 
menſtruum, being more volatile than the vitri- 
olic acid, is diſſipated by a lower degree of heat. | 
The green calx is ated upon in the ſame way as 
dy the vitriolic acid. The ſolutions, when pure, 
depoſit no ſolid cryſtals, although the evapora- 
tion be conducted with the Wart. cautious "Rowe 
Heſs. e 
Reguline manganeſe is iffolved' in . uſual 
anner by the marine acid, as is alſo the white 
calx; nay, the black is taken up in the cold by 
this menſtruum, and communicates to. it a red 


"_—_ I had before einn that the red 
. e calx 


be only ſeparable by an alkali. The part of the 
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cls i richer iniphlogitton thin dhe blicke 
opinion which is confirmed by a circumſtance | . 
Which occurs here. Marine acid contains phlo- e 
giſton, as one of its conſtituent principles; and 5 
the black calx, by means of, a ſuperior attrac- 
tion, ſeizes a part of this phlogiſton, and ac- „ 
quires a certain degree of ſolubility”: Bur-rhls I 
union is very ſlight, and may even be deſtroyed _ „ 
by the ſimple affuſion of water. If, however, 
the red ſolution be expoſed to a digeſting heat | 
for ſome hours, an inteſtine motion, like an e. 
ferveſcence, takes place; the ſmell of dephlo- Z 
giſticated acid is perceived, and the calcined  * 
manganeſe is taken up in ſuch a manner as to 


acid which, by its phlogiſton, has rendered the 
calx ſoluble, puts on the appearance of a red 
vapour, and, flying off, manifeſts itſelf by a pe- „ 
culiar odour. If ſugar be employed, „% 
compoſition of the menſtruum is not neceſſar r,, _ TE 
nor is any ſmell of aqua regia perceived. Other 
ſuitable phlogiſtic matters in the ſame way ef- 
fect the ſolution. of the black calx; nay, mer- : 
cury itſelf, and even gold, neither of which 
yields directly to the marine acid, yet ſupply NR 
calcined manganeſe with their phlogiſton; ang. | 
| | 


» X [ AM 
being thus dephlogiſt icated, are diffolved i in n the N 5 9 Y 
| menſtruum along with it. 50 5 AY 
SGalited manganeſe ſcarcely yields diſtin cry- VVV 
e but only a faline maſs, which attracts the „ — 
| | "*-; moiſture | ng 
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moiſture of the air. The precipitate by alkalt 
is occaſionally either white, yellow, or black. 
As the fluor acid, united with apt, | 
Sans a ſalt difficult of ſolution, it is thence ſuf- 
| ficiently obvious, that the ſolvent power of that 
acid is extremely weak ; for the particles, being 
ſurrounded by a ſaline ey are freed from the 
action of the menſtruum ; yet, upon repeated 
additions, the acid may be ſaturated. If fluora- 
ted volatile alkali be added to a ſolution of man- 


. ganeſe made in another acid, inſtantly a double 


elective attraction takes place, ang a fluorated 
— manganeſe falls to the bottom. 

The ſame is true of the phoſphoric acid. The 
microcoſmic ſalt, added to manganeſe diſſolved 5 


in another acid, by a double affinity nen 
a phoſphorated manganeſe. OW 


The power of vinegar is weak, yet it Aifſolves I 
| 85 regulus in the way above deſcribed, and 


may even be ſaturated with the black calx, if 
that calx be added in large quantity. This 
combination yields no cryſtals; and, after eva- 
poration, quickly deliqueſces again. 

Not only reguline manganeſe, but alſo the 
- inet calx, is taken up by the acid of ſugar ; 
but the ſaturated ſolution depoſits a white pow- 


der, ſcarcely ſoluble in water, unleſs it be ſhar- 
pened by an acid. This falt grows black in the 
| fire, but, on addition of the ſaccharine acid, eaſi- 
1 again W a r colour. Manganeſe 


/ 
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A Archie in the form of cryſtalline atoms, 
by acid of ſugar, from its ien in rinolies, 


2 vitzans; en eee 5 
The acid of tartar, nc in fimiler to 5 


takes up the black calx even in the cold; but 
the colour of the ſolution is à reddiſh brown 2 


However, this tinge is diſcharged with effer= : 


veſcence in a, digeſting heat. A part of the 


menſtruum is therefore decompoſed, and yields 


its phlogiſton to the calx, as has been already 
obſerved of the marine acid; beſides, the tarta- © 


rized vegetable alkali, added -to any ſolution of 
manganeſe, immediately throws down nrg 
manganeſe. - | | 

he circumſtances lads mentioned take 
Kits with the acid of lemons, which, in this 


inſtance, poſſeſſes altogether the ſame properties. | 


The weak aerial acid faturating water, attacks 


both the regulus and the black calx. - The man- 


ganeſe, thus diſſolved, if not mixed with i iron, 
ſeparates in the form of a floating white pelli- 
cle. By tincture of galls, or an alkali, it is pre- 


cipitated white. If it is the regulus which has 
been employed, a peculiar ſmell, . 


that of burning fat, is perceived. 

A very minute portion of the black 1 
added to an alkali in fuſion, immediately tinges 
it of an elegant blue, or ſometimes a green co- 


lonr, if iron be preſent; hence it is, that pot- 5 
aſhes are ſometimes found variegated with blue 


. 
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or green. The green ſolution, dna cloſe BY 
gradually depoſits its iron, and then, the yellow 
| being diſcharged, it becomes blue. Expoſed to 


; phur. 


the open air, the alkali attracts the aerial acid, 


and the black calx is depoſited, a depoſition 
- which is more quickly effected by a few drops 
of a ſtronger acid, or even by a large quantity 
of water. By this laſt the ſolution grows _ 
Violet, then red, and at length all colour va- 


niſhes, the black particles which before had been 
red being depoſited. Theſe particles, while red, 
had been equally diſperſed through the clear 


1 maſs; but, being more completely deprived of | 
their phlogiſton, at length grow black. + 


(=) Eight parts of calcined manganeſe, by a 
gentle heat in a glaſs retort, take up three of- 


fulphur, and produce a yellowiſh green maſs, - 
which is ated upon by acids, diſſolving the 


metal with efferveſcence and an hepatic odour. 


The ſulphur which remains after the genera. 
tion of the e air, yl be hone rar on a 


filter. 
Reguline manganeſe appears to reject f fl | 


(1) Theſe properties n We. this 
manganeſe differs conſiderably from all metals 2 
hitherto known. In fuſibility and colour, it- 
ſomewhat reſembles iron. In its ſtrength of 
attraction, ſpecific gravity, and in producing a 

8 | | \ colourleſs 


£ 
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colourleſs vitriol, it approaches to zinc; but, in 


' other properties, is totally different. 


Iron is malleable and magnetic when it re- 
tains the greateſt poſſible quantity of phlogiſton. 
During ſolution in acids, it exhibits a green co- 


lour; but, upon a greater dephlogiſtication, it 


_ grows pale; and the laſt lixivium, which refuſes 
to cryſtallize, puts on a reddiſh brown. appear» 


rance. The vitriol of this metal, diſſolved in 


water, is decompoſed ſpontaneouſſy in an open 
veſſel, and ſeparates an ochre. This depoſition 


is accelerated by heat. The calx depoſited is of 
a reddiſni brown, or at leaſt reducible to that 
colour by a due degree of heat. 

_ Zinc is of a white colour, eaſily fuſible, 8555 
inflammable by ignition in open veſſels, and 
burns with a moſt elegant flame, ſending forth 
white flowers; but, in cloſe veſſels, the a 
being volatile, riſes by the force of the fire: 


forms with copper a yellow compound, wr | 


when the relative quantities are properly adjuſt. 


ed, reſembles gold: It is eaſily diſſolved in all 
the acids, whether it be reguline or calcined, 


and forms a colourleſs ſolution : It yields a white 
calx, which is not rendered black by a red heat 
of ſome minutes; and it never tinges glaſs red. 


Theſe, and its other properties, readily diſtin» 
guiſh it from manganeſe. The entire habit f 
the latrer with phlogiſton i 18 ſo ſingular, that it . i 


cannot eaſily be confounded with the other me- 
Vor. II. e ee, 
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' tals; for what metallic calx, except the black 
_ calx of manganeſe, is able to decompound ma- 
rine acid and volatile alkali, nay to ſeparate the 
phlogiſton even from gold itſelf? What other, 
when deprived of its phlogiſton, can form a 
blue ſolution with alkaline ſalts, and a red with 
acids, which it again loſes by means of phlogi- 
ſtic additaments? What other is there which, 
by the difference in the quantity of phlogiſton, 
kan exhibit colours ſa various and ſo diſtinct, 
namely, white, red, green, and black? It is 
generally thought, that black calxes contain the 
greateſt quantity of phlogiſton; but, in -thin 
caſe, the black contains leaſt of it. | 
Beſides, manganeſe, though tortured in many 
different ways, could not be changed into iron 
or zinc, or any other known metal, but obſti- 
nately retained its own properties; Therefore, 
until experiments, free from the leaſt ambigui- 
ty, ſhall have ſhewn that this is derived from 
other metals, it muſt be conſidered as a di- 
ſtin& metallic ſubſtance, unleſs we wiſh to over. 
turn the certainty of natural philoſophy altoge- 
ther, by indulging fallacious conjectures. The 
difficulty with which the martial inquinament 
is ſeparated, indicates no more than the exi- 
ſtence of a very intimate union. The regulus 
eliquated from the black manganeſe of Sweden, 
expoſed in an Heſſian crucible for a quarter of 


an hour (without any additament) to a violent 
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heat, loſt 0,33, which had ſeparated in the form 
of a browniſh yellow ſcoria. The regulus was 
not yet magnetic; and, by the addition of ſu- 
+ gar, the acids extracted pure calx of manganeſe ; | 9 _E 
at leaſt, with phlogiſticated alkali, no traces of 1 
Pruſſian blue could be diſcovered. The remain- 5 I 
der of the regulus weighed 67 lb.; and, upon 
repeating the operation, the part which was 
magnetic weighed only 25 Ib. and the black 2 
ſcoria was found contaminated a little with iron. bi 


This regulus, fuſed again, yielded only 17 lb. | # 
and diflolved in acids, by the addition of phlo- DG. i 
giſticated alkali, both white and blue particles HE 9 
were depoſited, the former of which appeared RE "= 
moſt numerous ; ſo that we may conclude, that, „ 
in 100 parts of manganeſe, there are not pre. 
ſent, of common iron, more than o, 8. 4 1 1 


The method by which the quantity of iron 
may be accurately examined, wi be as | 
$ viii. B. | 


1 8 vin. Method by which Manganeſe, when mix- 
ed woith Iron, may be diſtinguiſhed and ſepa- 
92 rated. | | | 3 . 


Ihe ores of iron and of manganeſe are very 1 
frequently loaded with both metals; and, al- 
though the iron ores are often found without 
manganeſe, yet thoſe of the latter are ſcarcely 
nnen, The calxes of thels 
„„ * . two 
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two metals are alſo frequently found roger 1 
the vegetable kingdom. 

() In order to diſcover the preſence af: man- 
80 in iron quickly and eaſily, the blow- pipe 
may be employed in the manner above deſeri- 
bed (F 1v.); but no redneſs appears, if a parti- 
cle of complete metal be added to the ſalt in fu- 
fion, as the tinge is deſtroyed by the phlogiſton 
of the iron, (S vi. y and 6). The purpoſe is 
generally better anſwered by a ſmall portion of 
the metal well calcined ; but, upon charcoal, 
the metallic calx attracts phlogiſton from the 
ſupport; therefore the fuſion muſt either be 
performed in a ſilver ſpoon, or elſe the red co- 
lour muſt be induced by a ſmall piece of nitre. 
A perſon uſed to the proceſs will eaſily know 
the preſence of manganeſe, and even be able, 
from the phænomena, to judge of its quantity. 

In a crucible, too, the preſence of manganeſe 
is diſcovered without difficulty. To a piece of 
iron, weighing a few aſſay pounds, and made 

red hot, let there be added about five times the 
| quantity of cryſtallized nitre; and let the ſame 
quantity be again added when the efferveſcence 
has ceaſed: If any manganeſe be preſent, a 
green ring will be found round the middle of 
- the inſide of the crucible; if the quantity be 
conſiderable, it will not be neceſſary to add the 
nitre a ſecond time. The crucible muſt be re- 
ſe from the fire while the maſs is red hot. 


* Let 
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2 (2) Let a determined weight of the iron ſa- 
ſpected to contain manganeſe be diſſolved in A 
large quantity of nitrous acid; let it then be 
evaporated to dryneſs, and at length made red 


hot: Let the reſiduum be weighed, and put in- 


to diluted nitrous acid, together with a ſmall _ 
piece of ſugar; and if any manganeſe be pre- 

ſent, after a few hours the menſtruum, when ſac _ 

turated with aerated alkali, will yield a white 
| metallic calx, which may be thus totally ab- 
ſtrated ; Let the remainder, which is totally 
deprived of manganeſe, be elixated, dried to 
ignition, and finally again weighed, the diffe- 
rence of weight, before and after the extraction, 
will ſhew the quantity of calcined manganeſe ; 
and this being given, the correſponding quanti- 


ty of reguline manganeſe is eaſily determined, 


as that metal gains 0,33 by calcination. The 


ſolution itſelf alſo, - precipitated by a fixed al- 


kali, affords a white calx, the knowledge of 
which eaſily determines the quantity of the re- 


guline manganeſe ; for experiments ſhew, that 
100 parts of this metal diſſolved, W 180 of 


white calx. 


ö 


The white calx thus cheated: 18 ſeldom en· 
1.7 free from iron, as it is very difficult to de- 
prive that metal ſo far of its phlogiſton, that the 
nitrous acid, eſpecially when phlogiſticated, can- 
not take up ſome portion of it: But if the white 
. obtained as above, be well calcined, and _ 
8 FP 3 Td again 
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| again diffolved in nitrous acid, by means of the 
addition of ſugar, the iron remains for the moſt 
part. undifſolved. At the, beginning, too, the 
martial inquinament, being weaker in attractive 
power, may be precipitated * a few drops of 
volatile alkali. 

Iron, contaminated with manganeſe, if pow 
dared and plunged into a ſolution of martial 
vitriol, is gradually depurated; for, in virtue of 

its ſuperior attraction, the acid ſeparates from 
th iron, and diſſolves the manganeſe. RE, 


. Ee et ee ee as 3 
N 1 
* 
- * 


9 $1 IX, | Proximal Principles of the whit Ores of 


Tron. 


| Theſe things being premiſed, we are enabled 
to judge properly of the compoſition of our 
ores, namely, they always conſiſt of lime, iron, 
and ' manganeſe, but in proportions infinitely 
varied; for we ſhall paſs over in ſilence the 
foreign matters, which we have already men- 
tioned as being ſometimes preſent (S vi. 3). 7 
- (a). The preſence of lime is indicated by the ö 
efferveſcence, more or leſs remarkable, occaſion- 
ed by the pulverized ore (5 vi. 4); by its oc- 
caſioning an heat in water, when ſufficiently. 
burned; by its ſeparating a cream (S v. 4); 
and by the whitiſh opacity occaſioned upon cool-. 
ing, in the nitrous globules, when too much 
loaded with i it 11 IV. B). ng circumſtances 
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tend alſo to prove the ſame ching; but thi u- 


mid ſolution (5 vi. p) it is which puts the mat- 


ter beyond doubt. If any portion of the metal 
ſhould at the fame time enter the menſtrua em- 
ployed, (which is generally the caſe), that part 
ought firſt to be precipitated by phlogiſticated 
alkali; and afterwards the ns, by an aerated. 
alkali. 

(B) Of the preſence of iron there is no 
doubt; the crude ore is ſometimes attracted by 


the magnet, which is almoſt always the caſe 


when it is burned; but ſometimes, even after 


burning, this property is concealed by the ſmall- | 


neſs of the quantity, the iron frequently not ex- 


ceeding 0,02, which nevertheleſs is diſcovered 

in che ſolution by means of phlogiſticated al- 
kali. The quantity of metal is diſcovered by 
reduction, either in the humid way or by fire, 


ſolution, and precipitation, (F v. #3 vil. B). 
'That iron, deprived of its metallic form, is 
preſent, eaſily appears; for the ore is ſeldom 


magnetic before roaſting; nor, on ſolution, 
does it generate inflammable air, when the 
menſtruum is vitriolic or nitrous acid: Hows 


ever, as the perfect ore yields, without heat, 


green ſolutions, except with the nitrous acid, 
and produces with the vitriolic acid a beautiful 
green ſalt, we may thence collect, that the defi- 


n of phlogition is, in this influnes; 'not.” 
o AS 
412 . 


(6) The | 


1 


# 4 
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(c) The e of r is indicated 
by the moſt: manifeſt ſigns, and that even in the 
ſtate of white calx, unleſs when injured by lapſe 
of time : : Theſe are, the blackneſs occaſioned 
by calcination, either ſpontaneous: or produced 
by fire (F Iv. A; vii. o); the habits, when ex- 
amined by the blow-pipe (§ Iv. vil. r) and by 
other experiments, both by fire (§ v. vil. A, 7) 
and by the humid way (F vi. vii. G). But 

what puts the matter entirely beyond doubt is, 
that the calx may be ſeparated, and ſeparately 
examined (5 viIII. 3). White calcined manga- 
neſe forms proportions of the whole maſs very 
unequal. From the regulus of Elſenartz, 42 
Ib. in weight, 24 of white manganeſe is obtain- 
ed (S v. =); which weight alſo yields 13 lb. of 
regulus of manganeſe. The iron, therefore, is 
42 — 13 = 29; and, in 100 parts of this ore, 
of calcined iron, as in green vitriol, about 38, of 
aerated manganeſe 24, and of aerated lime 38. | 
The ore brought from the mountain, which in 
Sweden is called the weſtern Silver Mountain, 
in the ſame way yielded 22 of calcined i iron, of 
white calcined manganeſe. 28, and of aerated 
PR „ | 4 
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ced by the white ores; although that the foun- 


dation of this eee is an admixture of 
manganeſe, has heretofore been unknown. In 


the reguli formerly eliquated (5 v. ), the man- f 


ganeſe formed about one third, by which not 
only the hardneſs was increaſed; but a ſilver 


ſplendour communicated. The beſt proportion: ; 
in mixing the metals muſt be determined by va- 


rious and repeated experiments. 


Theſe ores frequently contain iron in ſuch. 


| mall quantity, that they cannot properly be de- 
nominated from that metal. One or two hun- 
dredths are certainly of no ſuch conſequence : 


In ſuch the calcareous earth abounds, which 
conſequently, by roaſting, is converted into 


quick: lime, but is black or brown, on account 

of the dephlogiſtication of the earthy baſe of the 

| manganeſe, A black calx of this kind is got 
in the neighbourhood of Upland, This affords 
excellent mortar, which grows harder, and dries 
more quickly than any other, even under water. 
This ſuperior excellence is rather to be attribu- 
ted to the manganeſe than to the iron, as the 
calcareous ſtones, deprived of manganeſe, though 


containing the ſame portion of iron as thoſe of 


Lena, yet produce a mortar of a much inferior 
quality. We have calcareous ſtones. in many 
places of Sweden, which grow black on burn- 
ing, and which Eta: Pay the ſame vir- 


rue, | | 


: We ; 
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probable that calcareous earth, loaded with man- 


been already explained (5 vil 7). It 


. 
"> 
LY 


* 


4 


1 


Ll 
* 


< 


ganeſe, and deprived of iron, ſuch as we have 


Ly 
* 


* 


% 


ſpoken of for building, may be applied to the 


* 


* 


Diss ER. 


an. n t 


—U— — 
— INN 
— . ALS neces tg» — 


* e « 


*; . 


— 


S „„ — o 


a . n 4 "gt re 


4 
= 


DISSERTATION xx. 
: p e . 
ot E- 
XN: £0 8 8a 
8 2 8 2} 
HERE is found in che parts of Germany 
; which abound in metals, an ore which is 


called kupfer-nickel, ſometimes grey, but often; a 
a reddiſh yellow colour, and poliſhed. This 
name it probably firſt got, and ſtill retains, from 
this circumſtance, that, although it has the ap- 
pearance of containing copper, yet not the ſmall. 
eſt particle of that metal can be extracted from 
it, even by fire. The firſt account we had of it 
was from V. Hierne, in a book publiſhed in 
1694, written in the Swediſh language, con- ? 
cCerning the dior of ores and other mineral 
+ ſubſtances. 
| Henckel conſiders it as a ite of cobalt or 
! alloyed with copper, and Cramer N 
it 
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it to the arſenical or cupreous ores z but eber 
thay, nor any other perſon, (as they themſelves 
„ confeſs), were ever able to extract from it a 
1 | ſingle particle of copper. Several other philo- 
4 > ſophers acquieſced in this opinion, until that 
bf 13 celebrated mineralogiſt Mr Cronſtedt firſt un- 
1 5 | dertook an accurate examination of this mine- 
ral, and, by many experiments, which were 
publiſhed in the years 1751 and 1754, ſhewed 


bt 2 
Oy , * 
* 
ay 
ws 


1 . that it contained a new ſemimetal, to which he 
14 | 4 gave the name of nickel. | 
= SIR Almoſt all the Swediſh mineralogiſts 1 8 
A . 1 | wards embraced this opinion, as alſo did many 


others, although the old opinion was not entire- 

Ip deſerted; for ſome were led rather by vague 
conjecture lie ſpecious appearance, -than by ſa- 
—_: 5 tisfactory experiment; and Mr Sage has lately 
1 attempted to eſtabliſh the former theory by che- 
5 | | * mical reaſonings and experiments. In the acts 
ei of the Royal Academy at Paris, he deſeribed an 
a analyſis of nickel which he had undertaken, and 
1 | upon this grounds an opinion, that the new 

„ ſemimetal is compoſed of cobalt mixed with 

1 iron, arſenic, and copper. 

In order to decide upon this ſubject, many 

experiments are neceſſary, and theſe I undertook 
with a mind totally free from any preconceived 

| Opinion; and though, upon this occaſion, the 

| | ſcarcity of the mineral prevented me from en- 
| a removing _ yet] truſt that ſo much. 

of 
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of the truth has been laid open, that, when a 
ſufficient quantity of this ſubſtance can be GB 
tained, it will be found no difficult matter to 
1 the truth in the molt decifive manner. 
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does not always acquire the ſame colour, but, in 


general, becomes greener in proportion as it is 
more rich; ſometimes (eſpecially if ſuffered to 
lie at Teſt) its upper ſurface is covered with 
green vegetations, ſomewhat of ee . 5 
ral, which are hard and ſonorous. b 
Let a double or triple quantity of. black us 
be added to the roaſted powder, and the mix- 
ture weil fuſed in a forge, in an open crucible, 
covered with common falt, according to the 


uſual method. 


The veſlel being broken, a 8 globule IK 
is found at the bottom, under the ſcoriæ, which 
are brown or black, or ſometimes even blue. 


The weight of the globule amounts to „1, 0,2, 


or at the moſt 0,5 of the crude ore; n 
f 4 Tie, 


* 92 


= 


In order to obtain the regulus of nickel, os 
ore muſt be firſt ſubjected to roaſting, during 
wbich a quantity of ſulphur and arſenic, greater 
or leſs according to the nature of tlie ore, is ex-/. 
pelled ; ſo that it ſometimes loſes: upwards of 
half its weight, but frequently not above o, 3 
This ore, though long and completely calcined, 
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This, e is far from being pure; tos, 


although the roaſting be ever ſo violent and long 
- continued, yet a conſiderable quantity of ſul- 
phur, but eſpecially arſenic, ſtill remains con- 
cealed in the regulus, excluſive of cobalt, and a 
great proportion of iron, which laſt is generally 


ſo prevalent as to make the regulus magnetic; 


and this variety of heterogeneous matter is the 


cauſe why the regulus varies much, not only in 


reſpect to its fracture, the poliſhed ſurface of 


which is either ſmooth or lamellated, but alſo 
. which is more or 


- leſs yellow or red. Lye] * 


It is obvious from hence, how ee . it is 


to depurate the regulus, if we wiſh to judge 
rightly. of its genuine nature and properties: I 
have therefore undertaken a great variety of la- 
borious proceſſes for this purpoſe. To deſcribe 
them all circumſtantially, would far exceed the 
limits of this Eſſay: I ſhall therefore only men- 
tion the moſt remarkable, and that conciſely; 
for, in writing to metallurgiſts, it is by no means 


neceſſary to deſcribe all the minute circumſtan- 
ces e an 6 
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In ones: to diſcover the effect of 1 cal. 
: <inations and fcorifications, the following expe- 
riments 
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| riments were made with a certain regulus of 
nickel found in the Suabian collection of the 


Upſal Academy, which had been eliquated by 


Mr Cronſtedt, and whoſe ſpecific gravity, taken 
by a very exact hydroſtatic balance, was to that 
of diſtilled water as 7, 4210 to 1, 0. 
(4) Nine ounces, reduced to powder, were 
expoſed in ſeveral diſhes, for ſix hours, to an 


exceedingly vehement heat, under the dome of 
an aſſay furnace. By this the arſenic was firſt 


diſſipated with a fcetid ſmell; a ſulphureous o- 


dour was next perceived; aftetwards a quanti- 5 


ty of white ſmoke, without the garlic ſmell, 


which probably aroſe from the ſublimation of 
the more dephlogiſticated arſenic. : When the 
| heaps were hot, they began to ſwell, and green 
yegetations ſprang out from all the ſurface, re- 


ſembling moſs, or the filiform lichen; there re- | 


mained at the bottom a powder of a ferruginous 

aſh-colour. In this operation o, 13 were diſſi. 

pete“ ß 
(n) Half an ounce of this calx, fuſed in a 


7 


forge for four minutes, together. with three 


times its weight of black flux, yielded a regu- 
lus, the furface of which was reticulated, all 
the areolæ being hexangular, with exceeding 
flender ſtriæ, diverging from a tuberculateg 
center. It weighed o, 73 of half an ounce, was 
obedient to the magnet, and, when ſcorified 
n Doran, left a blackiſh glaſs. 


(o) This 
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16-08 This hyde; being again roaſted, firſt 
: yielded a garlie ſmell, and after a viſible inodo- 
rous fume, together with vegetations as before. 
(p) The roaſted powder being reduced by 
the black flux, and taken out of the veſſel, a 
ſmell of arſenic was again perceived: The fu- 
ſion was repeated with the calx and borax, and 
e- EINE but FRO obſcure _ 2 co - 
balt. a 
(x) The ruth fa Went, ade a third 
N 1 80 time, yielded but little ſmell of arſenic; no ve- 
TE | getations appeared ; and, finally,” the metallic 
1 calx had rather a ferruginous than a eee co. 
lour. | 
( ater retiok in ahis fourth calcination 
* 4 the ſame phænomena appeared. 
(o) Reduction being performed with lime 
: and borax, the regulus, when firſt fuſed, loſt 
| 1 much of its iron, which adhered to the black 
ec ſcoriz ; it ſoon. acquired an hyacinthine colour, 
without any remarkable mixture of cobalt; it 
was now but little obedient to the magnet, and | 
| its ſpecific gravity , 828. 
> ( x) The regulus was again roaſted, (the fifth 
; | time); but, upon the gradual addition of pow- 
dered charcoal to the diſhes when red hot, a 
prodigious quantity of arſenic, which was be- 
fore imperceptible, flew off in the form of 
| ſmoke; for it is the nature of this ſemimetal, 
tttathat unleſs there be preſent a certain quantity 
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a phlogiſton, with which it may unite, it does 
not yield to the action of fire, but remains fix 
ed. The powder was treated in this way, until 
no more ſmoke or garlic ſmell appeared, * 
though charcoal was again added. "es HS v1 

(i) On reduction a regulus was obtained of 
4 lamellated and tenacious texture, which yet, 
when the veſſel was removed from the fire, Gy 
fuſed an arſenical odour. | 

(x) The roaſting, was cherefore repeated, 4 
ſixth time, and continued for ten hours, and by 
powdered chareoal arſenic was expelled, diſtin. 
guiſhable not by the ſight but by the ſmell z/the 
colour of the metallic calx was obſcurely ferru- 
ginous, mixed with a green ſcarcely viſible. . 

(i) The reduction being effected with equal 
parts of the white flux, lime, and borax, a re- 
gulus was obtained, ſemiductile, highly magne- 
tic, and ſoluble in nitrous acid, to which it com- 
municates a deep green colour; yet there re- 
mains a; blackiſh mals, which eludes the force 
of the menſtruum, which afterwards grows 
white, and, ſet upon à burning coal, flies off 
without any remarkable arſenical ſmell. 

(Mu) The regulus was then fix times faled 
with lime and borax; the. ſcoria hence ariſing. 
reſembled the hyacinth in colour ; but a green 
metallic calx ſurrounded the regulus, 8 as 
hn was obedient. to the magnet, and, bes. 
ing ſemiductile, broke tenaciouſly, that is, che 

Vor. II. | 2 | | broken 
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broken part was rendered rough by extended 
threads. 

(*) Ader all cheſs roaſtings, the ns v was 
expoſed during fourteen hours to a very ſtrong 
heat; after this powdered charcoal was added 
by degree without any diſſipation of arſenic, 

or loſs of weight: The colour of the roaſted 
powder was ferruginous, _ 2 very weak ne 
of green. © 
(o) Aſter reduction, a very van! globule; Ain 
mugnetic, was found among the ſcoriz, which 
. were much loaded with iron. Of this globule 
SORE PAINE uy Wert be _ 
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tht bs which FA? at this a "= 
Los, in Helſing, was 8 ee 
in the following way : 
2 1 nee was performed in the _ 
(0 * alſo the redion, ich 
(e) The regulus was then calcined, 14 the 
powdered charcoal was added by degrees, until 
all the arſenical ſmoke had ceaſed, and he calx 
of nickel acquired a deep green colour. 
() This being reduced, a magnetic e 
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and borax, was no obedient to the magnet and 
mann en en . ct 
() Powder of charcoal was gradually added, 


duet ten hours, to a regulus of this fort ſuffi= 


ciently calcined, (if this be inſtantly done, the 
reguline particles readily eoaleſce), by which 
means a quantity of arſenic was diſperſed, and a 


ferruginous Lee 4 a en, eee 10 


2 After eee with the black flux; FIN 
and borax, the ſcorig were tinged partiy with 


iron, and partly too with the nickel; the white 'v 


regulus was ſtrongly attracted by the magnet. 
(o) But afterwards, though phlogiſton was 


added abundantly to the mals in the dilhes; for 


the ſpace of ' fourteen hours, yet neither ſmoke 
nor ſmell betrayed any ſenſible diſſipation of ar- 
ſenic, nor was the weight diminiſhed ; but, on 
the contrary, it was increaſed 3 by the roaſt. 
ing; ths: en ann calx was ſcarcely 


green. G 


(n) After the reduQtion'the regulus 
ductile and magnetic. * 
(.) This; firſt fuſed with lime and 

afterwards united with that which was mentien- 


ed in the preceding ($11. o), yielded a+ white 


wir. 


ſemiductile regulus diſtinct, with the erna of- 


green calx, and hyacinthine ſcoriss. 


(x) The fame . n 


5 phur, and one half its weight of the minerali- 


borax, and? 


om 
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2ed e roaſted, was mu 'by 
' fuſion with a portion of the crude mineral. 
This ſulphurated nickel, well calcined, and re- 
duced with à double quantity of black flux, 
yielded à regulus obedient to the magnet, 
which, was nearly as abe ce in W NE as 
torged i lron. : 
As ſulphur has a vat 3 vr N 
I had hopes, that this mineralizing ſubſtance, 
not being" ſufficient to ſaturate both the nickel 
and the iron, would deſert the latter, and ad- 
here to the former. By which means, the iron 
entering the ſcoriæ might be eaſily ſeparated. 
The following en. will Oar he w_ 
00 
vioan Scientia = to De off 
20 Þ Bal SI dated „ Suphiration. Win 
no ud : dach n 
( 80 many: of Kae e of Cronftede: 
On 114.) fuſed with. ſulphur, and a ſmall quan- 
tity of borax, yielded a mineralized maſs of 42 
reddiſh, yellow, amounting to 170̃ lk 
(B) One-half of this, when firſt expoſed to 
fire in a xoaſting diſt, began to grow black, 
then the heat was increaſed until vegetations 
. aroſe 4; * metallic __ now IAA _ 
ed 6. 4 2 atiBublo. 
(o) This "half, fuſed Sad hot eee 
ther part not er ne eee . | 
ate d. ifaw t fie e bn 
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gulis of a whitiſh yellow colour, in veight 5 


. 
119 
+ 


(p) The "i regulis; by a calcination which | 
laſted for four hours, was firſt covered with 
vegetations, and afterwards, upon the addition 
of powdered charcoal, diffuſed a continued o- 
dour of arſenic; the weight of metallic alt, i 


g . 


which was of a dilute green, was 1038. 
( ) After a reduction, a whitiſh yellow re re- 
gulus was found, in weight equal to 594, ſeml- 


duRtile, highly magnetic, and, at the ſame time 


exceeding refraQtory, 
(7) This was again fuſed with faljhiir, which 


being done, the weight was equal to $16; one- _ 


half of which, roaſted to greenneſs, united by 
means of fire with the other, ſtill ſulphurated, 
| 8 8 in weight 509, ſcarcely obeyed the mag- 

After a calcination of four hours, during 
N by means of the phlogiſton, much ar- 
ſenic flew off, the powder put on an aſh- colour, 
a little greeniſh, in weight 569, which by re- 


duction, yielded a regulus the ſurface of which 


was red, and which, upon breaking, appeared 


of a white aſh-colour, very friable, equal to 


4523 ; the ſpecific gravity of which was 5, 1730 
(e) The regulus, mineralized” a third time 


with ſulphur," was treated in the ſame way 25 


before with powder of charcoal, ſo long as any 8 
veſtiges of arſenic remained, which required 4 


vehement calcination for twelve hours. The 
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powder then remaining was of an . green co 
| 8 and weighed 364; but, the regulus ob- 
tained by means of a reduction, effected by ex- 

poſure to a moſt violent heat in a forge for 
three-quarters of an hour, was ſo refractory 
that it only adhered. imperfectly to the ſcoriæ, 
which were of a diſtinct hyacinthine colour; nor 
could it be reduced to a globule by the addition 
of borax, though urged by the ſame vehemence 
of fire. The abſolute gravity of this regulus 
was 180, but its ſpecific gravity 8,6666 ; and 
it not only adhered ſtrongly to the magnet, but 
to any other piece of iron, nay the ſmall pieces 
of it attracted one another; it was beſides ſo 
ductile, that from a globule, whoſe diameter 
did not exceed one line, a plate of three lines 
in diameter and upwards, might be obtained by 
the hammer: It was of a whitiſh colour, mix - 
ed with a glittering kind of red: Diſſolved in 
volatile alkali, it yielded a blue colour, e * 
nitrous acid a full green. 

One hundred parts of the ae regulus, 

— 84 out into thin plates, after a calcination 
of four hours, were covered with a cruſt in ap- 
pearance martial, under which was a green 
powder, and within a nucleus, conſiſting of re. 
guline particles unchanged: The weight was 
increaſed by 5. The friable matter, reduced to 
| powder, put on a browniſh green colour, and 


of four hours more, concret- 
cx * AY 1 * * . N 4 AMC 
4 1 = 
* - 
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ed at the bottom in the form of a friable black- 
ith cruſt, which was ſtrongly magnetic, and 
weighed 100. The cruſt was afterwards com- 
minuted, and roaſted for three hours, with the 
addition of powdered charcoal, yet-neither were 
any veſtiges of arſenic diſcovered, nor was the 
. e pee ae but the weight was 
now 10g, and the colour little changed. This 
ten fuſed for an hour with lime and borax, 
yielded a regulus of 72 Ib.: This was red, an- 
gular, ſemiductile, and altogether magnetic: 
The ſpecific gravity of it was 8,87 50. The 
ſame globule, diflolved in aqua regia, was in⸗ 
deed precipitated by martial vitriol, as if loaded 


with gold; but the ſediment was very eaſily ſo. 


luble in nitrous acid; hence it appears not to be 


geold. But moſt of the reguli which we obtain- 


ed, ſhewed no ſigus of precipitation with mar- 
tial vitrio] : Hence it clearly appears, that, even 
if gold be ſometimes . 7 it is not al- 
ways the caſe. . 

(H) geo parts of the ore of nickel, which is is 
; found in Saxony at Johan-Georgenſtadt, roaſt- 
ed for fourteen hours, and freed as much as 
poſſible from arſenic, by means of powdered 
charcoal, loſt 248 of their weight. After re- 
duction, and the firſt mineralization performed 


in the uſual way, it was remarkable, that the 
latter ſulphurated regulus, which, before calci: 


; _ e, afterwards was equal to 
c | Q4 245 


4 


En 


2423 and, after another ſulphuration of the 
fame kind in the laſt calcination, had its weight 
increaſed from 70 to 78. The regulus laſt ob- 
tained was equal to 22, obedient to the magnet, 
poſſeſſing a ſpecific gravity of 3, 3333, and yield - 
ing with borax an hyacinthine glaſs: It was 
with difficulty calcined, but at length fell into a 
greeniſh powder, and with nitrous acid yield- 
ed a ſolution of the ſame colour. . 
(i)] The proceſs of mineralization and r 
nation deſcribed in (H), was repeated with 1000 
parts of the ore of Los, and that without any 
increaſe of weight. The regulus finally obtain- 
ed was in abſolute gravity 1, in ipecific gravity 
about 8; it tinged borax of an hyacinthine os 
lems ad niere acid of a "_ colour. | 
$1 VI. | Nick 8 by Hejar Supburir | : 
1 it appears from eee chat cobalt i is 
more eaſily diſſolyved than nickel, by hepar ſul - 
phuris, and that theſe ſubſtances may thus, to a 
| certain degree, be ſeparated in the fire, a ſuſpi - 
cion aroſe, that une qual degrees of affinity might 
produce the ſame effect with iron and nickel. 
() 58 parts, therefore, of regulus of nickel, 
which had before been ſulphurated, ($ v. o.), 
fuſed with 1800 of ſaline hepar ſulphuris, then 
diffolved in warm water, filtered through paper, 


and er tte by. an 0 yielded a powder, 
5 1 © , 


! 
8 
* 


/ 
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dich, roaſted in a diſh till the ſulphur was 
conſumed, - was * n an een bes 
weighed 35. j 

(z) The t which! denne not be Ai: 
ſolvedsi in warm water, being freed from ſulphur 
by means of fire, was allo of Wen fn as 
weighed J94- „% 3668 
_ refiduum, 800 by hid black *. | 

yielded a friable regulus, which was indeed but 
little magnetic, yet, when fuſed again with bo- 
rax, exerted that property (which had before 
been weakened by the In in a higher de- : 
gree. 
1 The his conan was. wa Gy a 
calcareous hepar, according to the direction of 
Mx Beaume, viz. calx of nickel, gypſum, co- 
lophony, and white flux, were taken in equal 
proportions ; Theſe, mixed and fuſed, yielded 
a powdery, ſquamous, reguline maſs, which, 
when fuſed with borax, produced a regulus 
poſſeſſing the properties of nickel, (but not en- 
tirely deſtitute of cobalt), which obeyed the 
magnet, and, even after two ſolutions in nitrous 
acid, and various reductions by fuſion with bo- 
rax, did not part with its iron; it als retined 

the ſulphur obſtinately. - ERS 2 
(. x) Regulus of nickel was diſſolved, i in ahi 15 
via ficca, by a ſaline hepar ſulphuris; and, up- 
on the addition of a quantity of nitre, ſufficient 
aply to deſtroy a ſmall part of the hepar, the 


_ regulus, 


x5 O NICKEL 
agus; which! had been ſuſpended by. it; was 
ſeparated, and fell to the bottom. This regulus 
of nickel, upon examination, appeared more 
pure, and generally, at leaſt for the moſt part, 
deprived of cobalt, but ſtill containing iron. In 
like manner nickel is always very diſtinctly pre- 
cipitated by regulus of cobalt, as this latter is 
GAS e e eee 
Phuris. 6 
Nickel diffolyed by faline hepar ſulphuris in 
fac, may be precipitated by the addition of 
iron, copper, tin, or lead, and even by cobalt. 
The regulus obtained is ſcarcely ever attracted 
by the magnet; but, whoever concludes from 
thence that no iron is preſent, will be deceived ; 
for this metal, (the regulus of nickel), when 
properly freed from the heterogeneous matters 
.. | 
an eee | 


$ VII. Nickel depurated by Nitre 


- Finally, Nitre, which attracts phlogiſton more 
Fans than any other ſubſtance hitherto 
known, was employed ; it was hoped that this 
would more eaſily ſcorify the heterogeneous 
matters, becauſe nickel ſeems both to loſe its 
| phlogiſton more lowly, and to recover it more 
cl, "than * matters. 
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8 One part of Cronſtedt's  regulus was add. 
ed to. twelve of nitre, ignited in a crucible, 
and kept in an equable degree of heat for the 
ſpace of an hour; at firſt ſome weak flaſhes ap 
peared, probably. from the reſiduum of the ſul - 
phur ; afterwards a large quantity of arſenic was 
thrown out ; finally, the ſides were covered with 
a blue cruſt, occaſioned. by the. cobalt, and a 
green matter remained at the bottom. This 
fuſed again for an hour, with twelve parts of 
nitre, tinged the internal ſides of the veſlel of . 
a green colour; and, finally, a browniſh green 
maſs, much leſs in quantity than in the for- 
mer operation, was found ane * che bot · 
tom. 1 

The green matter, treated i in n the fame. way a 
third time, for two hours, left a grey ſcoria at 
the bottom, which, wb, 
regulus. 

Another portion 1 the fame regulus, fuſed 
with nitre in the ſame way, was diflolved, and 
became green; yet, being freed from the alka- 
line ſalt by means of water, neither did this 
yield any regulus with black flux, but ſcoriæ 


of an hyacinthine colour, mixed with blue; 


which tinged nitrous acid of a green colour, 


conereted into a jelly, and, upon N ee 
leſt behind a greeniſh calx. 


1 


(B) Another portion of Cronltedt's regulus | 


was kept ſome hours in the crucible, with ſix. 


teen 


/ 


teen parts of nitre; by this means, at firſt, all 
the arſenic was ſeparated, then the phlogiſtica- 


| ted nitrous acid flew off, and, finally, 'blueiſh 
green flowers penetrated the ſides of the veſſel. 


The maſs being freed from alkali by water, and 
dried, was of a dilute green, — Ho. gp LEAR 


N porn ings ” 


This was again treated in the fame way with 
12 parts of nitre; and, after edulcoration, yield- 


'# ed a powder till green, which, reduced with < 


black flux, + lime, and + borax, in half an War 
yielded a yellowiſh white regulus, both magne- 
tic and malleable, and poſſeſſing all the proper- 
ties of nickel; its ſpecific gravity was 9,000. 
The inflammable ingredient was uſed in ſmall 
quantity, that, if re 28 iron 1 5 5 1 
the ſcoriz. 

(c) One part of the ore of Los was c 
ignited in a crucible, for the ſpace of an hour, 


with eight parts of nitre, and a detonation more 
diſtinct than with the regulus took place at firſt. 


The metallic calx, which was ſeparated from the 


faline matter by water, was of a brown ferrugi- 


nous colour, ſimilar to that which is wont to re. 
main after calcination with charcoal-duſt. This, 


| by reduction, yielded an aſhen-white regulus, 
tenacious and magnetic, of the ſpecific gravity 


8,5573: The ſcoriz were black. The regulus, 
reduced to powder, and fuſed with 12 parts of 
2 loſt much cobalt, and yielded a green 

| calx, 


* 
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* which, on xeduftionvithdouble its weight 


of black flux, and 4 quick-lume! and Webs left, 
nothing but diſtin: eb n tense | 


ous and magnetiqgq. 
(vp) One part of Cronſtedr's, 1 was * 


ſed for three hours, with eight parts of nitre, in, 
à crucible, to the cover of /which an open glaſs. 
tube was ſo adapted, that the aſcending vapour 


might be colleQed there. The operation being 
finiſhed, white arſenic was found in the upper 


part of the tube; but, in the lower, a,powder. | 


of a brown aſn · colour, a little green, which tin- 
ged borax of an hyacinthine colour, and yield - 
ed a regulus ſo loaded with arſenic as not to be 
magnetic. The ſides of the erucible were blue; 
but the ſaline green maſs at the bottom, on e- 
lixation, depoſited a green calx, which was kept 
ignited with 12 parts of nitre for the ſpace of 
an hour, and became partly blue, partly green: 
But, afterwards, when only +5 of the green reſi». 
duum was treated in the ſame way, the whole 
appeared blue; yet the green reſiduum was diſ- 
ſolyed in nitrous acid, and rendered borax of an 
hyacinthine colour; ſo that it e of nickel 
ſurrounded by a blue cruſtt. 
(E) As the experiments . relate 
by means of nitre, the ſmalleſt traces of cobalt 
which otherwiſe would be completely latent, I. 


examined the various nickoline products in diſh- 


es, with the addition of nitre, under the dome 
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of an aſſay furnace: Namely, rſt, "The regulus, 
(Sw. 1.) which was à little blue. ad, The 
regulus, previouſly diſſolved in volatile alkali; 
(F x. 4.) which manifeſted a conſiderable quan · 
tity of cobalt that had lain hid before. 3d, The 
regulus, previouſſy ſulphurated, which aſſumed 
a blueiſh pellicle. ith, The globules (e), which 
ſent forth a copious quantity of blue flowers. 
5th,” The ſublimate of the preceding article (o), 
which ſhewed exceeding weak ſigns of a blue. 
And, finally, 6th, The hyacinthine ſeoriæ of nic. 
| kel, which were of a beautiful blue, yet contain · 
ed fo little cobalt that all the colour could be 
by means of the blow. pipe; which yet, on the 
addition of a ſmall quantity of nitre, becomes 
blue: For the nature of metallie calxes is ſuch, 
that they tinge glaſs the more deeply, as they 
are more ſpoiled of phlogiſton; and, on the con 
trary, when they recover their principle of in- 
flammability to a certain degree, all tinge va- 
niſhes. The former of theſe effects may be pro- 
duced by nitre, the ſecond by fuſion on char- 
coal, provided the calx be fo ſmall in quantity, 
and ſo greedy of phlogiſton, as to be faturated 
by it from the coal; otherwiſe theſe hyacinthine 
| orie r acide ef a 4 ped colour,” and are” 
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ay iron is eafily ſublimed by means of fat 
ammoniac, it was tried, in the following man- 
ner, whether nickel l rg thay” Mn . ü 
00 4 of nickel, fo Auch 10 from 
cobalt as not to tinge borax with the ſlighteſt 
ammoniac, put into a eueurbit covered with an 
head, and expoſed to a fire gradually inereaſed 
until the glaſs grew red. The bottom was ſtains 
ed with a very deep hyacinthine colour, and 
exhaled flowers, which adhered to the ſides; 
theſe were partly aſh-coloured, and partly white; 
en laſt did not riſe ſo high as the former. 

The refiduum exhibited two ſtrata, the upper 
of which vat yellow, ſquamous, and ſhining, 
like aurum moſaicum. It yielded with borax 
an hyacinthine glaſs, but no regulus : Aﬀer's 
few days it liquefied in the air, acquiring the 
conſiſtence of butter, and a green colour. This 
reſiduum, with warm water, ſhewed the ſame 
properties and colour as calx of nickel; and the 
ſolution, which was green, became blue with 
volatile alkali, but, with tincture of | galls, 
EFF 
which alſo took place in the flowers. 
The inferior ſtratum contained a ell of ths | 


* not 320 converted into vegetations, and 
2318 | i EIT ſomewhat N 


0 
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fornendins . with marine acid. The 


colour was blackiſh; and, at the bottom, 6f a 
ferruginous brown. With borax it yielded an 
hyacinthine glaſs, and a friable regulus of 
reddiſh white, and ſcarcely magnetic. 


(B) A part of the inferior ſtratum (a), ſu: 


blimed with double its quantity of ſal . 
A, With | the ſame degree of heat as before, 
(which, preciſe. degree was employed in the fol- 
| lowing), yielded An. hemiſphere of an hyacin- 


thine colour, and flowers of a very fine white 
but the reſiduum was of a ferruginous brown, 
greeniſh IN TY e the Bae di 
d 1 kwivdos eie een 1 er 

(e) Wos pbation.ed; the Ader ure re- 


prion was added 20 parts of ſal 'ammoniae, 
which were ſublimed in a retort; a. blackiſh 


powder remained, which, as well as the bottom 


of -the veſſel, by caleination, put on a green, 
and, by ſcorification, an hyacinthine colour. 


() To the powder remaining (c), was added 


a double quantity of ſal ammoniac, which was 


again ſublimed extremely white, and the green- 


ih maſs which remained was of OE eee 
brown at the lower part. 


(=) Sublimation was 1 aid e 


fduum of (D) and a double quantity of ſal am- 
moniac, and yielded, as before, exceeding white 


ammoniacal flowers; and the reſiduum, which 
Was: very green, was ne calx of 
ee, ä nickel 


* 


_ — 


acid, and, by reduction, yielded à regulus of 


nickel, White, brittle, and very little magnetic, 


wo each ſublimation the volatile alkah roſe 
5 fiſt, then ſal ammoniac, and, finally, a portion 


eee Acid. 


After fo many experiments made by the via 


ficea, many others were tried in the way of ſo- 


lution, beginning with the cryſtalized ſalt, 
(which, being compoſed of nitrous acid and 


nickel, ſhall be called nitrated nickel) by which, 
if poſſible, the iron being dephlogiſticated, 
would ſeparate from its menitruum. 


(A) Nitrated nickel, ſprinkled during 1 1 


nation with charcoal - duſt, ſent forth a large 
quantity of arſenic, and, after reduction, yield - 
ed a regulus, grey, ſemi- ductile, and magnetic. 


(3) This being again diſſolved in nitrous 
acid, precipitated by fixed alkali, and — 


yielded a brittle regulus. 
(oe) The ſame being a third Pk diflslved, 
yielded a regulus lemi · ductile and magnetic. 


. .(Þ) This operation was repeated a Goal 


time. rs 
(Ez) The regulus, when diſſolved a fifth time, 
was ſo much diminiſhed, that the white calz. 


"a | "gp R obtained 
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pickel difſolved with the fame colour in nitrous 


of marine acid came over into the receiver,” + 


$1 i*. Nickel depurated in tht Humid Way 1 | 


*. 
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obtained by precipitation could not be __ far 
ther examined. 
In all theſe ſolutions a blackiſh e pre · 
ſented itſelf, which, when ſuffered to remain in 
the acid, grew white by degrees; but, when 
edulcorated, and laid on a burning coal, exha- 
led a ſulphureous ſmoke, and left a black pow- 
der ſoluble 1 in nitrous acid. 


$ x. Nickel Depurated by Means of Volatile 


% 


In order to diſcover the effect of cauſtic vo- 
latile alkali in depurating nickel, a portion of 
the regulus of Cronſtedt, diſſolved in nitrous 
acid, precipitated by fixed alkali, edulcorated, 
and dried, was e in the ae man- 
ner: 
(a) 487 parts of this calx, immerſed in a ſu- 
pPerabundance of volatile alkali, after twenty- 
four hours, yielded a reſiduum = 50, of a 


blackiſh green, and a ſolution of a blue colour, 
which, when filtered and inſpiſſated to dryneſs, 
yielded a powder of a light blue colour 282: 
This, reduced with black flux, produced a re- 
gulus, white, ſemi-duQtile, and highly magne- 
tic, = 35, and whole ſpecific gravity was 7,0000. 
The ſcoria which remained was a light red; but, 
mixed with borax, put on an hyacinthine co- 
tour, which yielded a regulus = 30. This re- 


85 5 | ...  gulus, 


4 4 
* 3 ot Art 7 E344 . 4 7 9 * — 8 : . 1 , : A PS. 
% 244 3 e has HIT (IE, uo "4. 4 ah re. Bp Rae ai IX Ladies * 95 644 ht 7 noms Mi — 


” * - "== 
. rn—_— 


4 * 


r Nene - aw 


gulus, united with the former by means of fire, 
was very refractory, ſo that, even with the ad · 
dition of borax, it could not be fuſed by the - 
blow-pipe. During calcination, with an abun- 
dant addition of 'charcoal-duſt, it did not ſend 
forth a ſmell either arſenical or ſulphureous. In 
a following reduction it yielded an hyacinthine 

' ſcoria, and the remaining flocculi, diſſolved in 


nitrous acid, formed a very green ſolution, _ 


which, upon addition of volatile alkali, let fall 
a powder of the ſame. colour. 

(B) From 5o parts of the blackiſh green re- 
ſiduum was obtained a regulus of a clear white 
colour, brittle, ſquamous, but little magnetic, 
== 13, and of a ſpecific gravity = 9,3333. A 
ſcoria of an obſcurely blue colour, the upper 
part of it hyacinthine, was found at the bottom 
of the veſſel. The regulus was eaſily fuſed, 
and tinged borax firſt of a blue, then of an hy- 
acinthine colour, upon which it grew more 
ſtrongly magnetic. By the aſſiſtance of heat it 
diſſolved in nitrous acid, and was of a beautiful 

blue. During this ſolution a black powder ap- 
peared, which firſt floated like flocculi, but be- 
came white, and fell to the bottom; and, after 
edulcoration, being expoſed to the fire, was, 
for the moſt part, diſſipated with a ſulphureous 
ſmell; but there ſtill remained at the bottom a 
little maſs of a brown colour, ſoluble in vola - 
tile alkali, This ſolution was precipitated by 
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| philogitticared- alkali; 


and a powder thrown 
down of the colour of calx of nickel; this 00s | 
n blue with volatile alkalt. ,- - 

Hence, therefore, it appears, that nickel is is 
Ally and totally diſſolved in the volatile alka» 


K unleſs the efficacy of the menſtruum be ob- 


1 by the 1 of ne 


hone Nice con fare be cum in «Stats 
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May a all the experiments abore 
related, it eaſily appears, that it is ſcarcely poſ. 
ſible to obtain a perfect and compleat purifica- 
tion of nickel, from all heterogenous mixture, 
by any means, at leaſt hitherto known. The 
fulphur is with difficulty expelled by calcina- 
tions and ſolutions ; (F 114. L; 1x. and x.); arſe- 
nic adheres ſtill more ſtrongly (S ur. and iv.), 
but by means of charcoal-duſt and nitre is entirely 
expelled : (S111. N. vii. B.): Cobalt adheres the 


moſt pertinaciouſly of all, for by the addition of 
nitre its preſence has been detected even in pro- 


ducts, where it could not by any other method. 


No doubt its quantity had been fo much dimi. 
niſhed by the nitre, that in ſolution it was totak 


ly imperceptible, (F vn. D.), would ſcarcely 


_ tinge borax, and the tinge which is communi- 


cated is diſcharged with the blow-pipe, by the 
19 4880 of the charcoal; all which circum- 
: kane 


Gr Nei 


ſtances; (as the colour of cobalt is very rich) de- 
monſtrate its being preſent in exceedingly ſmall 
quantity: (5 vin. k.): But I am the rather in- 
elined to think, that even this ſmall portion may 
be ſeparated; becauſe it is certain that the laſt 
productions of the blue colour are not to be a- 
ſeribed to cobalt, but to manganeſe; as we ſhall 
demonſtrate more clearly hereafter; (5 XII.); 
yet in practice the ſeparation is extremely 
troubleſome ; for theſe reliquiz, extracted by 
the nitre, envelop the nickel itſelf (which in 
this operation becomes very ſpongy) and adhere 
_ fo cloſely to it, that mechanically they cannot 
poſſibly be ſeparated, and ſcarcely by menftrua, 
as both the ſubſtances are thereby diffolved : 
By fire too they enter the ſcoriæ; at leaſt in 
theſe two methods ſo little difference is diſcer- 
nible, that unleſs a large quantity together be 
ſubjected to the operation, all the nickel vani- 
ſhes together with the cobalt. Th 
In the preſent caſe then the iron el re- 
mains, and the quantity of this cannot be dimi- 
niſhed beyond certain limits; the magnet readi- 
ly diſcovers its preſence, and not only the regu- 
li, tried in different ways, readily adhere to it, 
but ſome of them actually acquire a magnetic 
power, (§ v. 6.), a circumſtance highly worthy 
of obſervation : But the tenacity and difficulty 
of fufion, which increaſe the more as the opera- 
tions are longer continued upon the nickel, 


plainly ſhew that no hope remains of ſeparating 
the iron; ſo that neither the ſcorifications, nor 
"the ſal ammoniac (S viII.), nor the nitre, nor 
the nitrous acid (S Ix.), nor, finally, the volatile 
alkali (§ x.), have effected this purpoſe; altho? 
Juncker ſays, that nitret attacks iron ſo power- 
fully, that, from a pound of ſteel filings, deto- 
nated with an equal quantity of nitre, then fu- 
ſed and elixated, no more than half an ounce of 
crocus is obtained. (SER 
Beſides theſe heterogeneous matters, Tune 
is alſo ſometimes preſent; but this is very eaſily 
ſeparated; for, if the ſolutions made in acids be 
ſufficiently diluted with water, the menſtruum 
18 ſo much-weakened; and the calx of biſmuth 
rs to the bottom like a white ed e 


© 


* 


8 x11. Whether Ni cel be a di Miner Me. 


8 It may now be properly seine diener | 
nickel be a diſtin metal, or whether it be a | 
mixture made by the hands of Nature, from 
- others intimately [united ?—We have already 
obſerved that arſenic, copper, cobalt, and iron, 
have been, by various ee conſidered as its | 
| 1 principles. 1 | 
With reſpe& to arſenic, we may very it 
exclude it from the number, as the experiments 
above deſcribed ſhew that it may be entirely ex- 
%%% ͤ orga 1 
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7 


0 It cannot be doubted but that copper is pre · 


ſent in ſome ores of nickel, and, therefore, may 
eaſily be mixed, with the regulus; but the 


greater number are entirely without it. It is 


true that nickel is totally ſoluble in volatile al- 


kali, and that this ſolution is of a blue colour | 


(s X. b.); but, if this argument held, there 
would be nothing found here but copper; and, 
if this were the caſe, very different phaenomena 
would appear from thoſe which the nickel pro- 
duces. That both theſe ſubſtances form, with 
volatile alkali, ſolutions of the ſame colour, no 
more proves the identity of theſe ſubſtances, 


than does the yellowneſs of the ſolution, both 
of gold and iron, in aqua regia, prove the iden- 


tity of thoſe metals. Nickel and copper agree 


alſo. in this property, that they are both preci- 


pitated from acids, and from volatile alkali, by 
iron; but in the manner of this precipitation a 


conſiderable difference appears. Let a piece of a 


poliſhed iron be plunged into a ſolution of nic- 
kel, and a yellow pellicle of nickel will, by 
degrees, adhere to it; which diſappears upon 


touching, and ſoon grows black, unleſs the acid 


be well ſaturated, or ſufficiently dilated with 


water, A fimilar precipitation is obſerved if 


zinc be. uſed inſtead of iron; but, i in ſolution of 
copper, ſo much diluted that the precipitation 
on iron may be nearly ſimilar to that of nickel, 

„ - zinc 
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8 inc is eine covered with a Wen the | 
a colour of mountain braſs. , | 
The experiments above deſcribed. ſoficiently 
Hey that cobalt does not belong to the effence 
of nickel (S x. X11. K.); yet to theſe we ſhall 
add the following : :— Nickel, diffolved in hepar 
ſulphuris, is precipitated by cobalt: With what | 
juſtice then can we affirm them to be one and 
the fame? In the ſame Way, nickel tinging bo⸗ 
rax, or microcoſmic falt, in the via ficca, 'is 
thrown down by the addition of a proper quan- 
tity of copper; but this is not the cafe with co. 
balt. Theſe circumſtances are ſo remarkab 
as of themſelves to baniſh all doubt, But, with 
the acids, a remarkable difference conſtantly 
occurs: iſt, Cobalt tinges all theſe menſtrua 
of a red colour, and yields cryſtals either of a 
yellow or blueiſh red; but nickel produces ſo. 
lutions and concretions of a fine green; it fome. 
times happens, indeed, that the red ſolutions 
yield greeniſſr cryſtals ; but this is to be attri- 
buted co nickel mixed in ſmall proportion with 
the cobalt. | 2d, Cobalt, united with marine 
acid, affords a ſympathetic ink; but depurated 
nickel does not. 3d, Cobalt, diſſolved in vola- 
tile alkali, is red; but nickel, diſſolved in the 
fame alkali, is blue. 4th, Cobalt does not, like 
nickel, ſeparate, upon the addition of arſenical 
nejd, a powder dificyltly ſoluble. —_ other 
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points of Akerence ae are, which may be 
paſſed over Ann.. 99550] 
Iron, therefore, only remains; and, des, 
there are many and weighty reaſons which in- 
duce us to think that nickel, cobalt, and man - 
ganeſe, are perhaps to be conſidered in no Pie 5 
light than modifications of R 
And firſt in general, we obſerve, that un- | 
equal portions pf Phlogiſton, united to the fame 
iron, change its qualities in a remarkable man- 
ner; For inſtance, How very much do the dif- 
ferent kinds of iron and ſteel differ? It is then 
| to. be obſerved, that nickel, cobalt, and manga- 
neſe, whatever operations they may be ſubjected 
to, are ſo tar from being deprived. of i iron, that, 
on the contrary, they thereby become more 
ductile, magnetic, and refractory. Again, the 
various colours which nickel, cobalt, and man- 
ganeſe, exhibit, both by ſolution and by fire, 
are alſo exhibited by iron. Cobalt and manga · 
neſe occaſion a red colour in acids, and the lat- 
ter in glaſs; nickel and manganeſe occaſion an 
byacinthine colour when fuſed with borax; A 
green is produced i in acids by nickel, as alſo by 
its calx, and by manganeſe (v1), when long and 
ſtrongly calcined ; and it often leaves behind a 
ſcoria of the ſame colour, if the reduction be 
performed with a ſaline flux. Finally, cobalt 
a a blue, c or rather a violet colour in 
| i i ez las; ; 
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glaſs; and the ſame is true of manganeſe dil. 
ſolved in fixed, and nickel in volatile alkali. 
Ixon, too, exhibits all theſe varieties; for the 
acids take up this metal of a green calous, ſo 
long as it contains a certain quantity of phlo- 
giſton; but, in proportion to the diminution of 
this principle, a yellow, a red, or a browniſh 
red colour is produced, It tinges glaſs, in the 
ſame manner, green yellow, black, or red. If 
expoſed to the fire for many hours together, 90 85 
f with nitre, the bottom and ſides of the crucible, 
It is true, tranſude ſaline flowers, either blue, 
| greeniſh blue, or greeniſh purple; but an efflo- 
reſcence of the ſame kind is occaſioned by nitre 
alone; for this ſalt, by a long continued fire, 
penetrates the veſſels, and immediately upon 
contact of ignited phlogiſton is decompoſed, 
and the alkaline effloreſcences are made blue by 
the manganeſe, which is always preſent in the 
circumjacent aſhes; theſe verge more to a green, 
in proportion as the crocus martis is more co- 
pious; beſides, iron itſelf i is often found mixed 
with manganeſe. _ | ; 
From hence, therefore, it appears, that - 0 
blue flowers, which were expelled from nickel 
by means of nitre, are the produce of manga- 
neſe, as theſe impart to glaſs nothing of the co- 
balt colour; beſides, in the mineral kingdom, 
we find the nephritic, ſmegmatic, ſerpentine _ 
ſtones, and jaſpers, * called, from their c- 
; | - lour, 
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irg terres verdes, and other green ſtones, lapit 
laxzuli, native Pruſſian blues, and other blue 
ſtones, together with many diverſities of you 
and red, all deriving their colour from iron. 
.. Whoever- rightly conſiders theſe ena 
ces, will think it not an improbable conjecture, 
that theſe ſemi- metals are derived from iron, of 
which they cannot be entirely deprived'; and 
from hence will take occaſion to examine this 
opinion by new experiments and obſervations, 
which may either ſerve to eſtabliſh or overturn 
it. In the mean time; we ſhould be carefully 
on our guard againſt ſuch glimmering lights, 
which are generally fallacious: So long as no 
one is able to produce any of theſe metallic bo- 
dies from pure iron, and to explain, in a clear 
and intelligible way, the proceſs by which man- 
ganeſe, cobalt, or nickel, may at pleaſure be 
generated, ſuch vague ſuſpicions muſt give way 
do phaenomena and properties which are con- 
ſtant, and the ſubſtances themſelves continue to 
be conſidered of an origin altogether diſtinct 
and peculiar to themſelves. It is ſafficient for 
our purpoſes that theſe metals poſſeſs diſtin& 
properties, and always preſerve their own pecu- 
liar nature, until we ſhall' be better inſtructed 
by faithful analyſis and ſyntheſis. There is no 
doubt that many metals, which have been a 
long time known, and acknowledged to be di- 
| fſtin ſubſtances, would ſcarcely have endured 
r | 85 n 
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more ſevere trials than nickel does, By the 
fame rule, therefore, ſuch metals may be al- 


ledged to be compounded. If the geneſis of 
natural productions was to be eſtabliſhed by 


fancied metamorphoſis, the whole- truth and 


certainty of natural philoſophy muſt ſoon be 
_ overturned. 80 long as plauſible conjeQures 


are ſubſtituted for opinions formed on the ſure 


baſe of experiment, we ſhall always hm 


7 ſhadow on the ſubſtance. 


$ X11. eee Experinent. 


© Although the ſynthetical experiments which 
Wen with intent to diſcover the origin 
of nickel, were in that view ineffectual, yet I 
think it proper to relate the principal of them, 
that the way may be more eaſy to others. The 
ſpecific gravity of the copper, iron, cobalt, and 
white arſenic, employed, were 9,324 3, 8, 3678, 


I rden and 4,0000, reſpectively. 


() Equal parts of copper and iron, unite 
vi fuſion with black flux, yielded a red maſs, 


| whole ſpecific gravity was 8,5441, which tinged 


nitrous acid firſt blue, then green, afterwards | 
yellow, and at length an opaque brown. 

() Two parts copper, and one of iron, uni- 
ted, had a ſpecific gravity equal to 8,4634. The 
mixture yielded firſt a blue, then a green ſalu - 


(e) Equal 


8 
| 


1 NICKEL, r 


0 Equal parts of copper, iron, and cobalt, | 
wee a regulus of the ſpecific gravity 8,0300, | 


which | imparts to the menſtruum a brown Co» 
lour. 


of arſenic, formed a brittle mixture of a ſpecific 


gravity equal to $,0468, which oem, a blue 


ſolution. 
(s) One part of copper, « one of] iron, two 


cobalt, and two of white arſenic, yielded a brit- 
tle compoſition of a ſpecific gravity equal to 


8,4186, which gave a browniſh red ſolution, | 


and, in part, precipitated ſpontaneouſly. 


() One part of copper, one of iron, four of 
cobalt, and two of white arſenic, united by fu= 


ſion, formed a maſs of ſpecific gravity equal to 
8,57 14. The regulus, diſſolved i in nitrous acid, 
was as in (z), but more red. 


(o) One part of copper, one of non, four of 
cabalt, and two of white arſenic, acquired a ſpe · 


cific gravity equal to 8, 2941; they were diſ- 


ſolved with a red colour, and depoſited a ſedi- 


() One part of iron, and four of white arſe- 


nic, fuſed, were diflolved with a yellow colour; 


and, on the addition of phlogiſticated alkali, im- 
mediately yielded a Pruſſian blue. 


All theſe mixtures, expoſed to the fire, left a 


calx, not green, like that of nickel, but broun, 
black, or e | 
(3) One 


(o) One part of copper, one na. iron, 0 wins : 
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| (i) One part of copper, eight of 4 iron, ſixteen 
| 10 white arſenie, and four of ſulphur, united 
by fire, on the addition of black flux, yielded 


a maſs, which, though frequently calcined and 


reduced, yielded, nothing but a ferruginous or 
brown calx; with nitrous acid it acquired a 


greenneſs ; but on the addition of phlogiſticated 
alkali, depoſited a Pruſſian blue. 4 


(x) Many experiments were alſo tried in the 
way of ſolution; one of When it will be falt 


cient to mention. 


One part of iron was diſſolved in fix of ni- 
trous acid, and alſo ſeparated by one part of 
copper, and one of the calcined ore of cobalt, 


in the ſame quantity of the ſame acid; then the 


whole of the ſolution of iron was mixed with 
five parts of the ſolution of copper, whence a 


green and faturated nickel colour was formed, 


which however, upon the addition of three parts 
of the ſolution of cobalt, was evidently obſcu- 
red: The alkaline lixivium was dropped into 


this, by which at firſt a ferruginous brown ſe. 
diment fell, the ſolution Kill remaining green; 
but, afterwards all the blue was precipitated, by 


which at firſt all colour was deſtroyed ; but af. 
terwards a red appeared, occaſioned by the co- 


balt diſſolved in the alkaline ſalt. The ſedi- 
ment, when reduced, yielded a regulus ſimilar 
to copper, and ductile, which tinged r glaſs 


and nitrous acid'of a blue colour. | . 


11 
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I a Etunsted des of nickel be mixed 
with half its quantity of ſolution of cobalt, the 
green colour is much obſcured ; but, four parts 
of the former, upon the addition of three of 

= Es ns off all eren of en 
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I have not been able to determine 9 


Wbt are the properties of nickel when perfect 5 
ly pure, as the perpetual preſence of iron in 


ſome reſpect obſcures its properties.”  *_ 

(A) The ſpecific gravity cannot be ae 
ed, eſpecially as the quantity of iron is un- 
known. Let us ſuppoſe that the pureſt nickel 


we can obtain, contains of iron a weight p, 


and of real nickel = q; as alſo that the ſpecific 
gravity of the former ingredient is f, of the lat- 
ter n, and of the mixture a; then, from the 
known laws of hydroſtatics . e , 


IE Ar 


| appears by experiment, "Wat the weight of iron 


is more increaſed by calcination than that of 


- any other metal, even to o, 36: Since then the 


calx of purified nickel increaſes; + ($ rv. o.); 
if one half be aſcribed to the nickel, as much 
muſt neceſſarily belong to the iron: Beſides, 
let + the increment be ſubtracted, as owing to 
the charcoal-duſt, nevertheleſs the reſiduum 
ſhews that more than = conſiſts of iron. Let 
therefore pl. 4 8, ooo, @ = 9,000, (8 

. VII. 


or eK 


. 
U 
8 N 
; + 
* | 75 ” 


vile 3 9 will be = 2, and 1 = 9,600. The 
data of this calculation were ſo taken, that the 
3 of n ſhould come out leſs than the truth; 
for the increment of the nickel is put equal to 
that of the iron, which is hardly probable; then 
the quantity of iron is eſtimated only- at +, al- 
though it is certainly greater; and, finally, of 
the increment is aſcribed to the charcoal. duſt, | 
although other experiments ſhew that it adds 
tile or nothing to the weight; hence, there - 
EST fore, we conclude, that the true ſpecific gravity 
| bol nickel is not leſs than 9,060 at leaſt. The 
calculation, indeed, ſuppoſes that the bulk re- 
mains unchanged in the mixture, which is a 
thing that rarely happens; but the error thence 
_ | ariſing never exceeds 0,7, ſo far as is yet known, 
and, perhaps, in the preſent caſe, is W . b 
added than ſubtracted. 
If a ſmall portion of gold entered dw compo- 
8 n the greatneſs of the weight might thencs 
_- explained ; but, although this metal is al. 
| moſt always abſent, as we have before obſerved 
($ v. o.), yet thirty-ſix parts of it, forty- eight 
25 iron, and one of copper, were formed by fu- 
fion into a globule, the ſpecific gravity of which 
as 8,8571, but was little ſoluble in nitrous 
acid; yet, after lying two hours in the menſtru · 
um, the gold was to be ſeen plainly, and, with ; 
yolatile alkali, the menſtruum yielded nothing 
but a ö brown * which, in 
13 the 


1 
| : We os 
y a {N ” ; 
OF NAIC: BT 2978 
4% 2 4 — L oF, 4 i 2 


the fire, put on the appearance of roaſted iron; 
in all which particulars it differs from nickel. 
(z) The ſolutions of nickel in all the acids 
are of a green colour. The vitriolic acid taxes 
up the calx, and forms a green decaedral ſalt, 
of an aluminous compreſſed figure, the two op- 
poſite apices truncated; this acid ſcarcely attac- 
ked the regulus but by evaporation to dryneſs. 
The nitrous. acid, by the aſſiſtance of heat, diſ- 
ſolves both the calx and the regulus, and forme 
blueiſh. green eryſtals, ſpathoſe and deliqueſcent. 
The marine acid: diſſolves both the regulus and 
the calx, but flowly, and not without the aſſiſ- 
tance key heat. Both nitrated and ſalited nickel, 
| when freſh, deliqueſce; but, by long continu- - 
. ance in a free and warm air, gradually loſe their 
acid, ſo that at length a green calx of nickel, 
mixed with iron and arſenic, remains behind. 
Acid of arſenic, with the calx of nickel, con- 
cretes into a green ſaline maſs; but, with the 
regulus, it ſeparates a ſaline powder difficult of 
ſolution. The fluor acid forms, with calx of 
nickel, (which it does not eaſily diſſolve), cryſ- 
tals of a dilute green. The acid of horax ſcarce: 
diſſolves nickel directly, but takes it up * 
means of a double elective attraction. Vi 15 
forms, with the calx {pathoſe cryſtals of an i- CES 
tenſely green colour, It is ſcarcely diſſolved hy 0 : 
acid of. tartar, at leaſk this menſtruum is/not 
tinged by it. 48 of ſugar changes both the 5 
N . 8 regulus | ES 
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regulus and the calx to a white powder, not 
eaſily ſoluble in water. The acid of phoſpho- 
rus has but little attraction for the calx of nic- 
- | kel,” with which it does not form cryſtals, nay, 
the ſolution j is ſcarcely green. The acid of ants, 
by decoction, or long digeſtion, attacks the new- 
Iy precipitated calx; for the ſolution is green, 
and, upon evaporation, yields cryſtals of a deep 
green colour ; theſe are hemiſpherical, formed 
of filaments diverging from a center, and pel- 
lucid ; they reje& ſpirit of wine, and are ſcarce- 
ly ſoluble i in water, unleſs it be ſharpened by an 
acid. Lemon juice does not ſeem to o aft at all 
upon nickel. ot: e 
All the acids are as of a very deep co- 
lour; and this property of nickel is extremely 
8 powerful; for the firſt regulus (D), as well as 
that which is highly depurated, occaſions theſe 
tinges. This great richneſs of colour agrees 
| well with the idea of a large quantity * matter 
in a ſmall bulk. 
Volatile alkali diſſolves nickel, and Ru ſolu- 
tion is blue; ; the fixed alkali diſſolves very 
ſparingly; and forms a yellow ſolution. 
(o) In proportion as nickel is more pure, It 
is the more difficult of fufion, fo that, when at 
its great degree of purity, it requires for fuſion 
nearly as great a degree of heat as forged i iron. 
It is eaſily fuſed with other metals; but its ſcar- 
857 has prevented us from examining the phae · 
| NPmena 
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nomena ariſing from hence. In general how: 
ever, we may remark, that the impure regulus 


cannot unite with filver. This muſt be attri - 


buted to the cobalt which it contains ; for, when 
well freed from that metal, it eaſily unites in 
equal proportions with the ſilver, and that with - 


out any remarkable diminution either of white- | 


neſs or ductility. This mixture, fuſed with bo- 
rax, tinges it of an hyacinthine colour. Cop- 
per unites more ſlowly with depurated nickel, 
yielding a red and ductile metallic maſs, which 
tinges borax of a reddiſh hyacinthine colour. 


With an equal, or even a greater bulk of tin, 
nothing is produced but a brittle maſs ; in which 


reſpect, alſo, nickel differs from cobalt. It could 
not be amalgamated with mercury by tritura- 
tion. Depurated nickel melts with ths: and 
forms a brittle compound. 93:43 

It may ſeem doubtful, whether nickel is to be 
_ enumerated among. the ductile or the brittle 


metals. Iron, when fuſed, is almoſt always 


brittle ; ſo that its ductility, when united with 
nickel, 18 very remarkable. 
(op) Depurated nickel is, with great difficulty, 


calcined in the ordinary way in the aſſay - fur- 


nace, and aſſumes only a brown colour; but, 
by means of nitre, it is more completely dephlo- 


giſticated, and becomes green. The metallic 
calx, vitrified with borax, produces an hyacin · | 


_ thine "gy which yet, if occaſioned by a regu- 
82 | x lus 
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lus not well depurated, vani iſhes on continuing p 
the fire, the glaſs. remaining being altogether 
colourleſs, and, upon the addition of nitre, only - 
a flight. blue tinge is produced. A calx of well 
depurated regulus of nickel forms a permanent 
colour. The calx of nickel communicates alſo 
EP to microcoſmic ſalt an hyacinthine colour, which, 
| by long continued fuſion on charcoal, may in- 
deed be weakened, but hardly entirely diſchar- 
ged. This colour, on the addition of nitre, 
changes to a violet; and, on increaſing the quan- 
tity of microcoſmic ſalt, becomes again hyacin- 
thine. If the calx of nickel be added to ſatura - 
tion, the fuſed glaſs appears of a blood colour, 
but, upon cooling, grows more and more yel: 
low. t ; | 
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pal SENIC i is EE in the bowels of the 
earth, either 1 in a metallic form, or cal. 


ined ; or finally, intimately, and in the way of 


ſolution, united with ſulphur. This diverſity 


could not eſcape the firſt diſcoverers ; and hence 


their opinions. concerning its true nature were 
ſtrangely contradictory for a long time. 
We are entirely ignorant at what time it be- 
gan to be diſtinguiſhed from other minerals, 
and when it received the name Which it ſtill 
continues to bear. It is extremely probable 
that this ſubſtance was firſt diſcovered by thoſe 
who wrought in the roaſting and fuſing of otes, 
betraying itſelf by its white [moak, its garlic 
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ſmell, and its pernicious effects in depraving 
metals, and deſtroying animal life. Ariſtotle - 
mentions the Za, and his diſciple, Theo- 
phraſtus Erefius, ſpeaks of Azproizes, which was 
called azewne; by Dioſcorides and others, who 
| | lived about the beginning of the Chriſtian ra. 
| But theſe denominations comprehended only 
thoſe minerals which, by Pliny, and other La- 

tin authors, are ealled ſandarach and orpiment. 

/ Avicenna, a chemiſt of the eleventh century, 

who, ſo far as we know, was the firſt who dif- 

tributed minerals into ſtones, metals, ſalts, and 

ſulphurs, not only ſpeaks of white arſenic, but, 

what is remarkable, of its ſublimate. Theo- 
pPhbraſtus is the laſt who mentions the regulus, 
although he had before referred ſandarach and 
orpiment to the metallic ſtones. It is unknown 

Who firſt reduced white arſenic to a metallic 

| form. | Paracelſus, in his Manual, aſſerts that 

. arſenic, ſublimed with lime of egg-ſhells, be- 
comes like ſilver ; and, in the year 1675, Le- 

meri deſcribed a . of fubliming arſenic 

with fixed alkali and ſoap: But, in the year 

1649, J. Schroder mentions the regulus eliqua- 

wn ted from arſenic or orpiment by means of white 
95 flux, charcoal-duſt, and iron, He quotes Cloſe 
| Feus, but does not give the title of the work, 

%ͤũ Os Pharmacopezia 1644, this proces is not 

to be found. | 


Avicenna, 
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RY FORAY and many after. him, even to dur | 
times, place arſenic among the ſulphuts: Al. 
bertus Magnus and others, among the ſaline 


bodies: Beecher conſiders it as a ſoap, or a 


faline ſulphureous body. Indeed, as white ar- 
ſenic is foluble in water, it is plain that it eon- 
tains ſomething ſaline, although no appearance 
of ſuch a thing can be diſeovered either in the 
regulus alone, or in its mineralized ſtate. That 


this ſaline ſubſtance is of an acid nature, plain- 
ly appears from its ready union with alkalis, e- 


ſpecially as the celebrated Macquer's experi- 
ments ſhew, that neutral cryſtallizable ſalts may 
be generated from thence; but until our coun- 
tryman Mr Scheele's time, no one had been 
able to extract this acid in its pure ſtate; and the _ 
ingenious inventor has OY enen Ga me- 


thod he pur ſued. 


As to the ſulphureous nature oh tanie . 


which ſome perſons ſtrenuouſly inſiſt upon, it 


muſt be confeſſed that the regulus itſelf, nay e- 
ven orpiment and realgar, are inflammable; a 
circumſtance which however does not take place 


with reſpect to white arſenic; If therefore the 


ſulphureous quality is to be determined from a 
ſingle property, (in the ſame way as the faline), 


It appears that it is only competent to arſenic in 


a certain ſtate. But beſides atſenic, zinc and 
ſeveral other bodies, which are eaſily inflamma- 

dle, a are not however from thence to de denomi- 
— e 5 nated 
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nated ſulphureous; unleſs we will confine that 


appellation to the quantity and Connexion of 


phlogiſton adapted to inflammation. 


It is commonly ſaid, that arſenic mineralizes 
metals, and therefore it is conſidered as a ſul- 
phur by ſome, who yet extend the idea of mi- 
neralization ſo far, as under it to comprehend 
all mixtures, whereof a metal forms a part : 
But, if we examine this ſignification a little 
more accurately, we ſhall eaſily ſee that it is ex- 
tended too far; for if chis be admitted, we 
muſt at the ſame time allow that no native me- 
tal is to be found; thus the gold, which is cal- 
led native, is ſcarce ever perfectly pure, but is 


mixed more or leſs with ſilver or copper. In 


the ſame way filver is mixed with gold or cop- 


per; platina with iron; copper with gold, ſil- 


ver, or iron; nickel with cobalt, &c. If there- 


fore arſenic, which, unleſs in its reguline ſtate, 
never diſſolves other metals (F vi. A.), be con- 


fidered as a mineralizing ſubſtance, what hin- 


ders us from ſaying, that gold is mineralized by 


filver and copper, and in general every metal 


mineralized by another? Beyond doubt, the 
fame” reaſon: holds good in all. With much 


leſs appearance of truth can we ſay, that metals 


are mineralized by earths, as theſe latter are 


ſcarce: ever, except ee mixed with 
the ores. F755 
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It is much more conformable to reaſon and 
| experience; to call thoſe metals mineralized 
which are diſſolved, and actually concealed by 
a menſtruum. Sulphur is the chief agent em- 
ployed by nature for this purpoſe; and al- 
though the acids of vitriol, of nitre, of phoſ- 
| phorus, and ſometimes even the aerial acid, oc- 
caſion the metals to put on an appearance fo- 
reign to their nature, yet the number of theſe 
is ſo ſmall, that, compared with the og pe 
minerals, they almoſt vaniſh. . _ * 
But the idea of a mineralizing fa per- 3 
haps, is to be ſought for further. This mine- 
ral, ſo troubleſome to the mineralogiſt, occa- 
ſioned the alchemiſts to ſuſpect the exiſtence of 
a certain arſenical principle indiſpenfably neceſ- 
ſary to the perfection of every metal; a ſuſpi 
cion occaſioned by their ſtrenuous endeavours, | 
during the proceſs of their great work, to dif- 75 
cover, by the moſt ſubtile ratiocinations, the 
true compoſition of metals. Even ſo late as the 
TT 1773, the Royal Academy of Sciences at Ber- 
lin propoſed the following problem. Quid ar- 
ſenico in mineris praeſente efficiat natura? Num - 
idoneis evinci queat experimentis quod metalla re ve- DS 
ra perficiat * Etſi ita, quomodo et quouſque hoe fiat ? | 
The premium was adjudged: to the anſwer of 
the celebrated Monnet, in which he, with great 
ingenuity and truth, conſiders arſenic as a fe 
mi · metal differing from all others; which is fo 
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far from conſtituting. an eſſential part of the 
texture of metals, that it unqueſtionably is 6f- 
ten totally abſent, and, when preſent, is always 
attended by inconveniencies, either carrying it 
off in its departure, or ſpoiling the maſs. Cer- 
tainly good copper is, though not without diffi- 
culty, eliquated from the grey ore; and ſilver, 
equally perfect, is obtained from the vitreous 
as from the red ore. No one as yet has been 
able to perfect any metal by means of arſenic ; 
and, if it be accidentally found mixed with 
others, it no more contributes to their good- 
neſs, than the lead in galena is uſeful to the fil- 
ver, or the filver to the lead. If recourſe be 
had to an arſenical principle ſo ſubtile as to 
evade the obſervation of our ſenſes, let us leave 
that ſubject to be diſcuſſed by its authors. 
All theſe conſiderations, however juſt, do not 
prevent us from aſſerting, that the acid of arſe- 
nic, like other acids, is a mineralizing ſub. 
ſtance, when, at any time, in a diſengaged ſtate, 
it meets with a metal in the bowels of the carth, 

and in that form unites with it. 
Among the chemiſts who have laboured, du- 
ring this century, to diſcover the properties of 
arſenic, the celebrated Brandt muſt not be o- 
mitted; he being either the firſt who obſerved 
many of them, or at leaſt the moſt accurate in 
their deſcription. Mr Pott has publiſhed a 
learned treatiſe on orpiment; J. G. Lehman 
. | another 


/ 
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another on che ſandarach of the ancients; and 


many other books there are upon the ſame ſub: 
ject. e e, 15 * * 3 | 
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9 is ae in 2 2 s in Bo- 
hemia, Hungary, Saxony, Hereynia, and elſe. - 


Where, but particularly at St Marieaux mines 
in Alſatia, where, not long ſince, many hun- 


dreds of it were extracted. In Germany it is 


called Schoerbencobolt, and frequently Flieg - 


enſtein or Muckenpulver, but for what reaſon 
I know not, as it is not ſoluble in water, and, 
therefore, unleſs when dephlogiſticated, is not 
at all proper for the purpoſe alluded to by the 


name; perhaps, by ſpontaneous calcination, it 


becomes ſo much eres ere as to ee | 


a degree of ſolubility. 
As to its form, it is often aun, ſhapeteſs, 
friable, and powdery, but ſometimes compact, 


divided into thick convex lamellz, with a2 


needle-formed or micaceous ſurface. It admits 
of a poliſh, which yet is ſoon loſt in the air. 


When freſh broken; it appears compoſed of 


fmall needle-like grains, with a leaden colour, 
which yet ſoon grows yellow, and, by degrees, 


blackiſh. In hardneſs it ſeems to exceed n, | 


per; in meter to __ kv nw gg 1 
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1 A regulus 0 may alſo artificially be procured 


from white arſenic, either by ſubliming it with 


dil, black flux, or other phlogiſtic additaments; 
or fuſing it with double its weight of ſoap and 


pot · aſnes; or, finally, precipitating it by ſome 


other metal from orpiment or ſandarach, fuſed 


with ſulphur and fixed alkali. That which is 


obtained by the firſt of theſe methods has a 
f eryſtalline form, more or leſs regular, octædral, 


pyramidal, or even priſmatic. Sometimes the 
artificial regulus 1 is ſold in thick cakes. Its ſpe- 
cific gravity is 8, 310; and, therefore, a cubic 
inch weighs about 43. 19 drachms avoirdupois. 
The mineral commonly called Miſpickel is 
juſtly reckoned a regulus ; as, when totally de- 
prived of ſulphur, it conſiſts of arſenic and iron 
united in a metallic form; and; although the 
latter amounts to 2, or ſometimes even to 2; 


yet the compound is not magnetic. This, when 


ignited, ſends forth an arſenical ſmell, and is 
thus ſoon rendered magnetic, although the ope- 


ration be performed on a tile, without any phlo- 


giſton. It eaſily flows in the fire; and, in cloſe 
veſſels, the greater part of the ee of arſenic 


tiſes, leaving the iron at the bottom; a com- 


pound of this bid may alſo be — 

R 
Reguline arſenic is far more volatile, and 
loſes its phlogiſton more eaſily, than any other 
metal, and, therefore, it cannot be fuſed; as, 
for 


. 
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for that purpoſe, a greater degree of heat is ne- 
ceſſary than what is ſufficient to calcine, volati- 
lize, and inflame it. In open veſſels, it begins 
to ſend forth a viſible ſmoke; in a degree * 
heat 180% of the Swediſh thermometer. In 
order to inflame it, the regulus muſt be drop- 
ped into a veſſel of a proper degree of heat; 
for, if the heat be gradually increaſed, the me- 
tal is yolatilized ; the neceflary degree mult 
therefore be inſtantaneouſly applied. The flame 
is of an obſcure. whitiſh blue, diffuſing a white 
ſmoke, and a garlic ſmell. In cloſe veſſels it 
retains its metallic nature; and, expoſed to the 
fire, is ſublimed in a determinate figure. 5 
$1 . Habits of. Requline * 5 * oh 
| Via Ws with aber 8 Megs 


00 2 in a e e * added to 
metals in fuſion, melts with many of them, but 
thereby thoſe which were malleable become 
brittle. Such of them as flow with difficulty 
when alone, become more fuſible by means of 
arſenic; but thoſe which ſoon liquety (at leaſt 
tin) become more refractory: Thaſe which are 
yellow or reddiſh are made whiter, according to 

the quantity of arſenic; and ſuch as are white 
acquire a grey colour, tin excepted, which, by 
this means, acquires a permanent and ſhining | 
vie and, by 8 is able to retain + its 


75 own 


: 


286 OF AR 8 ENI C. 


own weight; nor does it ſpoil the colour of pla- 
5 tina when united with it. Gold, fuſed in a 
5 dlaoſe veſſel, takes up ſcarcely 2g, filver 2, lead 
[a zs copper $, and iron more than its own weight. 
Iron, by means of a large quantity of this me- 
tal, loſes its magnetic power; but it is difficult 
to determine exactly how much is ſufficient for 
this purpoſe (as ſome of the iron always enters 
the ſcoria) 3 but, undoubtedly, leſs than an e- 
qual quantity is ſufficient. Biſmuth, retains a- 
bout y, zinc 5, regulus of antimony gz, and 
manganeſe an equal quantity. Nickel and co- 
balt receive ſome arſenic, and that not a little ; 
but the quantity can hardly be determined, as 
theſe metals are ſcarce ever got pure. Regu- 
Alus of · arſenic, in a ſufficient degree of heat, and 
by triture of ſeveral hours, actually takes up 2 
| of its own Ar of n and forms a grey 
amalgam. 
Buy means ; of hea i in an open veſſel, the arſe. 
| nic may be again expelled; but, flying off, it 
| generally carries with it ſome of the metal with - 
which it is united, gold and ſilver not excepted, 
if the degree of heat be great, and ſuddenly ap- 
. | plied ; yet platina perfectly reſiſts the volatili- 
9 . zation ; nay, being very difficult of fuſion, it 
i} . even retains a portion of the arſenic. 
5 0) Regulus of arſenic cannot be united, by a 
; 59 | ; 8 with alkaline ſalts, until the phlegiſton 
N N L e diminiſned: If, therefore, the re- 
. ; | : | gulus | 
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gulus be added to nitre in fuſion, after detona - 
tion, they both eaſily unite, and the compound 
comes out exaQtly. ef to that made 5 
white arſenic (FVI. B.). a 

(e) Regulus of arſenic, expoſed to 9 Gilli 


tion with the dry acid of arſenic ($ v.), ſu- 
blimes before it can be acted upon by the acid, 


which muſt be firſt melted ; but the Ne gls, 
when put into the acid in fuſion, ſoon takes 


fire, and ſends forth a white ſmoke; for the acid, 


being deprived of its phlogiſton in this inſtance, 
ſeparates that principle from the regulus, and 
takes it to irſelf in ſuch quantity as to regene- 


rate white arſenic; and, on the-other hand, the 
regulus, by means of the fire, is ſo far ſpoiled 


of its phlogilton, as to appear in own fort of a 
calx. 


(o) This Nees In Aiſtilation with corro- 
five ſublimate, yields a ſmoaking butter, with 
a ſmall quantity of mercurius dulcis and quick- 


filver. In this caſe the principles are changed ; 


By means of a double elective attraction, the | 


regulus of arſenic yields its phlogiſton to the 


| baſe of the corroſive ſublimate, which being 


thereby really calcined, is reduced into perfect 


mercury, while the marine acid takes up the 


calx of the arſenic. | SE 


(z) Sulphur eaſily diſſolves the tepid; 0 


by fuſion and ſublimation, yields yellow or red 


ee according to the different propor- 


tion 
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tion (Fx, B.). Hepar ſulphuris takes up the 
regulus; but this laſt adheres to it iS looſe · 
, that it is precipitated by every other men 
which can unite with the 10 . 
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69 Water alone has no effect i in this caſe. 
| (B) Vitriolic acid does not attack the regu- 
F lus, unleſs concentrated and aſſiſted by fire. 
The inflammable part of the regulus phlogiſti- 
cating, the acid flies off, ſo that the remaining 
part aſſumes the nature of white arſenic, and, 
| with menſtrua, exhibits the am Properties: as, 
[48 any other metallic ealx. 4 
| The ſame is true of nitrous acid, except. 
that it attracts the phlogiſton more vehemently. 
Marine acid has en 8 et, OR 
when boiling. © © 4 
Acid of arſenic, which ſhall be Ski of 
©} 2 hereafter (S v.), by digeſtion, changes the re- 
. gulus into a white calx, and is itſelf altogether 
changed (by means of the phlogiſton which it 
has taken) into a calx, an the A oro 2 15 
be in due quantity. 
Illy he other acids 1 paſs over, as ; entirely refu-. 
ſing to unite ſo long as the reguline form re- 
mains; for no metal, except when more or leſs 
W o phlogiſton, can be diflolved i in a: 
| cids, | 
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cids. This impediment is very eaſily removed 
by the nitrous acid, but very difficultly by ma» es 
rine, as it abounds in phlogiſton itſelf. In this 
: aeaſe, therefore, the ſame compounds are pro- | 
MF duced with the regulus, as thoſe with white 
arſenic, deſcribed: in 8 vii. G. 
It muſt here be obſerved; that e af 
' the native regulus always yield a Pruſſian blue 
with phlogiſticated alkali ; which evinces the 
preſence of iron, _ 
Beſides, it is to be obſerved; that the regula 
plainly precipitates certain metals diflolved in 
acids; ſuch are gold and platina in aqua regia, 
and alſo ſilver and mercury in vitriolic or ni- 
trous acid. The ſilver generally appears in 
beautiful poliſhed ſpiculæ, like the Arbor Dia- 
ne; but, if the arſenic be ſuffered to ſtand long 
in the nitrous ſolution, but little diluted, the 
ſilver ſpiculæ are again diſſolved, the arſenic 
becoming, in the mean time, dephlogiſticated. 
Solutions of biſmuth and antimony are but ob- 
ſcurely rendered turbid. | | 
Arſenic and iron, naturally united, as in the 
miſpickel, may be ſeparated” by digeſtion with 
5 marine acid or aqua regia; for the former men- 
ſtruum, in this way, only attacks the iron; and 
the latter, although it can diſſolve both, yet is 
not able to touch the arſenic, ſo long as any 
iron remains. In order, however, that all the 
arſenic may remain alone at the bottom, a very 
SSI: we | - ſubtile 
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ſubtile pulverization is neceſſary, together with 
a juſt quantity, and ſtrength of the menſtruum; 
and heat muſt alſo be carefully avoided. , +» 

(o) The alkalis operate more. ſlowly in the 


humid than the dry method; as, before a real - 


union takes place, the phlogiſton muſt be dimi- 

niſhed. A faline hepar, by boiling, attacks the 

pulverized regulus; for that which is precipi- 

tated by an acid, 288 oy — a true 

orpiment. 

© (D) The fatty oils, 1 boiling, diſſolve the 

regulus, and form a black maſs of the conſiſ . 
tence of a ons 


$ v. Caleined A efente, 


The regulus, with a very gentle heat, loſes | 
ſo much of its phlogiſton, that it flies off in a 
. white ſmoke ; yet all the metallic calxes retain 
much of their inflammable principle, although 
not ſufficient to give them a metallic appearance. 
The following experiments will plainly ſhew, 


that this is true alſo of arſenic.—Let calcined 


arſenic, moiſtened with nitrous acid, be expoſed 
to heat, and a copious red vapour will break. 
forth, which, collected, exceeds the arſenic four 
or five times in bulk; and, upon examination, 
is found to be no other than that which, by the 
celebrated Prieſtley, is called nitrous air ; how- 
ever, this always abounds in phlogiſton, and 
Fare ſcarcely 


Fearcely contains any thing elſe, except a ſmall 
portion of nitrous acid, dilated into#an elaſtic 
fluid by the abundance of phlogiſton. In this 
caſe the inflammable principle' can be derived 
from no other ſource than the arſenic ; and we 
fhall ſoon have occaſion to take notice of aber p 
.proofs. | | 
The native calx of ee occurs but ade 
in Saxony and Bohemia; but is found copiouſ- 
ly in thoſe places where the ores of cobalt are 
roaſted, and is collected in the long and wind- 
ing wooden tubes uſed in that operation. This 
fmoke is found ſo loaded with phlogiſton, that 
it appears grey; but is ſoon made white by ſub- 
limation, either with or without pot-aſhes. This 
calx is volatile, but leſs ſo than the ſemi- metal 
itſelf; for it requires at leaſt a degree of 195. 
H, in a cloſe veſſel, it be raiſed by a fire a little 
higher, it becomes pellucid like glaſs. In the 
air, its ſurface ſoon contracts à white opacity; 
but that which is found cryſtallized in the bow- 
els of the earth is not ſubje& to this change. 
The ſpecific gravity of white arſenic is 3-706, 
and that of the glaſs about 5,000. 
It lowly excites upon the We an acid ſub» 
| auleid talte. | — 75 g 
White arſenic is, in reality, — 8 elſe but 
an acid different from all known acids, and 
loaded with ſuch a quantity of phlogiſton as is 
ſufficient to coagulate it. 1c parts of white 
5 8 13 2 e 
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arſenic contain at leaſt 20 of phlogiſton; and, 
whatever is capable of ſeparating ſo much, is 
capable of leaving the acid pure. This acid 
which has been examined particularly in an- 
other place) is of itſelf fixed, but, when made | 
red hot, decompoſes the matter of heat, gains 
phlogiſton from thence, and regenerates white 
_ arſenic, which, loaded to ſaturation with phlo · 
giſtan, becomes reguline. The dry acid, ex- 
poſed to a moiſt air, deliqueſces, and falls tos 
tally into a limpid liquor, containing ſo much 
water as is neceſſary to the ſolution of the acid. | 
in a moderate enen, * is 3 of i its o 
weight. 
It is highly probable that all = metals; are | 
only different acids coagulated by a large quan- 
tity of phlogiſton, although the connection of 
thoſe principles is ſo cloſe, that we are hitherto 
ignorant of the means of ſeparating them. The 
metallic  calxes always contain more or leſs 
 phlogiſton; and moſt of them alſo contain aeri- 
al acid, which they take from the ſurrounding. 
air in place of their loſt phlogiſton, and perti- 
- naciouſly retain it; yet ſome _calxes ſeem always 
to be free from that acid, although precipitated 
by aerated alkali. It is alſo certain that white 
arſenic is free from it. But this doctrine will 
be mare fully illuſtrated in another place. Ia 
the mean time, it appears from hence what 
opinion is to be formed of the ſalts and ſul. 
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1 of metals, although the ideas of the an · 


cients upon this ſubject occaſion much obſcurity, | 
Hence, alfo, it appears why earths and metal. 


he calxes fix arſenic. Nickel and cobalt genes 


rally abound with arſenic, which cannot be ex. 
pelled by calcination alone; for, when a great 


part is diffipated by the force of the fire, the 
reſt either gradually loſes its phlogiſton, and 
adheres like a fixed acid, or is united by fuſion 
with the metallic earths ; but powder of char- 
coal being added during the calcination; imme 


diately a large quantity of ſmoke breaks forth, 


which ſmells like garlic, and is nothing elſe but 
the arſenical acid, Seo, by Fee to be 
TD. of a cals. 


5 VI. Properties of Caltined 1 mixed iy 
the Vis Vis with other 8 ubſtances. = 


5 White arſenic fuse with the fame fivtals 
as the regulus does, but in a manner ſomewhat 
different, It is true that no calx, as ſuch, cat 
be united with metals; but, nevertheleſs, the 
calx of arſenic added to them, when fuſed in 4 
. crucible, readily unites with them; but let it 
be remembered, that it is reduced by the phlo- 
giſton of the fuſed metal; therefore, when the 
metal is an imperfe& one, ſcoriz alſo ariſe, 


conſiſting of the calcined part of the metal and 


bares arſenic, 


650 White 


4 
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. .(B) White arſenic injected into fuſed nitro 
es a violent intumeſcence and efferveſcence, 
but without any ſcintillation; if this addition 
be continued until a new portion excites no 
motion, and the maſs'be then well fuſed, the 
product is called arſenic fixed by nitre. Du- 
ring this operation the nitrous acid is volatilized 
by the phlogiſton of the metallic calx, and the 
5 arſenical acid, being diſengaged, unites with 
| the baſe of the nitre; however, cryſtals are not 
obtained, becauſe, by means of the vehemence 
of the fire, the alkali is ſuperabundant ; but, by 
a juſt proportion of alkali, and a due degree of 
heat, cryſtals may be produced; for the vege- 
table alkali requires a flight ſuperabundance of 
arſenical acid in order to produce cryſtals : This 
neceſſary ſuperabundance may alſo be preſerved 
in a crucible, provided the fire be ſo regulated 
that the bottom may be ſcarcely red; it e 
better, however, in diſtillation. 
Ide reſidua of the diſtillations, e 
with an equal portion of priſmatic, cubic, or 
flaming nitre, all yield arſenicated alkali, which, 
alter ſolution in water, may be cryſtallized. It 
is vulgarly ſuppoſed. that theſe cryſtals cannot 
be decompoſed by other acids, but erroneouſly, 
It is evident, that though, upon the addition of 
another acid, the alkaline baſe unites with it, 
| yet the acid of arſenic, being itſelf ſoluble, 
will yield no precipitation, nor even occaſion a 
2 | turbidneſs; 
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turbidneſs; from the want of turbidneſs no- 
thing as yet has been eſtimated but the cohe- 


five force of the compound: But the error ariſes 
from hence, that chemiſts have ſuppoſed that 

white arſenic enters thoſe ſalts, when, in reali- 
ty, it is only the acid. Therefore, in order the 


more clearly to diſcern the event, we ſhould 
diffolve the arſenicated vegetable alkali (the 


neutral arſenical ſalt of Mr Macquer) in vitrio- 


lic acid; this being done, let the neutral falt be 


precipitated with highly rectified ſpirit of wine, 
and waſhed, which is very eaſily done, for the 
vitriolated vegetable alkali is not at all, and the 
arſenicated vegetable alkali but very ſparingly; 


ſoluble in this ſpirit. The falt ſeparated in this 


manner from the diſengaged acid is ſoon diſtin- 
guiſhable, and, in this inſtance, - exhibits all the 
properties of vitriolated vegetable alkali. This, 
therefore, is undoubtedly a decompoſition. of 
the arſenical ſalt, by way of ſolution : Here the 


_ alkali has no effect, as it is itſelf unable to pre- 
cipitate. But the nature of theſe ſalts will elſe- | 


where be more accurately examined. 
The digeitive ſalt, common falt, and ſal am- 
moniac, are not changed by arſenic ; the rea- 


fon of which undoubtedly is, that the marine 


acid is naturally loaded with phlogiſton. | 

() Corroſive ſublimate, diſtilled with white 
arſenic, aſcends unchanged, whatever propor- 
tions be employed. Mr Pot long ſince obſer- 
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ved, that, in this caſe, no butter of arſenic aris 
ſes; and, certainly, no ſuch can ariſe, as the 
ealx of arſenic attracts the marine acid with 

| leſs force than the calx of the mercury does. 
Let butter of arſenic, mixed with calx of mer- 
cury, be expoſed to diſtillation; at firſt, before 
the whole can be decompoſed, a little of the 
butter is elevated, but ſoon after a corrolive 
ſublimate riſes, and, finally, a white arſenic. 

(Dd) Fixed alkali, with white arſenic, melts 
in the fire almoſt in the ſame way as nitre, only 
the phlogiſton flies off more flowly. Cauſtic 
vegetable alkali, ignited in a cloſe veſſel, fixes 
about double its quantity of white arſenic ; but 
the mineral alkali fixes nearly triple. Cauſtic 
volatile alkali, drawn from white arſenic to dry- 

_* neſs'two or three times repeatedly, becomes at 
length ſo. cloſely united to it, that the maſs bears 
| fuſion by means of fire. | 

Terra ponderoſa, and calcareous an; ſpoil 
ed of the aerial acid by roaſting, retain, on ig- 
nition in cloſe veſſels, about an equal quantity 
of arſenic ; but magneſia, pure clay, and Ree 
ous earth, ſcarcely any. 

(2) Sulphur eaſily unites with white arſenic, 
reduces and mineralizes it; hence this com- 
pound always diffuſes a moſt penetrating odour 

of volatile vitriolic acid; for a portion of the 
on, 2 to the calx of the arſenic a great 
E-2£ 5 quantity 


or: A'RSENTC. 467 


e phlogiſton. See alſo $ vai x 1%. 
and x. 5 


an readily attacks the regulus. Th 44+ 5 
Equal quantities of ſulphur, erude dene 


4 white arſenic, unite, by fuſion, in a cloſe - 


veſſel, and generate the lapis de tribus, which'is 
alſo called pyrmiſon or arſenical er this 


is Ow an nnen ene , 


J vn. as of Calcined A _— mixed 5 


Solution with Hr 8 One 


78 


(a) 80 parts of diſtilled water, in an heat of 


15%, diſſolve one of white arſenic, and, when 
| boiling, 15 parts of water are ſufficient.” But 
the arſenic, when once diſſolved, is more eafily 


retained than taken up; ſo that, in a moderate 


heat, 15 parts can hold one ſuſpended a long 
time: The ſame is true of the other ſolutions; 
Solution of arſenic: changes the deep tincture 
of turnſole to a red colour, but, like other me- 
tallic ſolutions, makes ſyrup of violets green; 
it is not changed by neutral ſalts, but is preci- 
pitated by moſt metallic ſalts, and that in ſuch 


a way, that the metallic calxes, united with the 


arſenic, fall (though ſlowly) to the bottom. 

It may be aſked, whether the whole of the 

arſenic, or only the arſenical acid, unites with 
the metallic calx, yielding the phlogiſton to the 


menſtruum 


Saline hepar allo diſolves white be _ £ 


_— , 1 
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menſtruum of the other metal? Certainly ſuch 


a mutual commutation of principles does not 


appear improbable, if we conſider only thoſe 
' Caſes in which the menſtruum is vitriolic or ni- 
trous acid; but as iron (for example) united 
with marine acid, (which does not attract the 


phlogiſton of white arſenic) as well as when it 
is joined to nitrous acid, is precipitated, it 
would appear that the whole of the arſenic is 
united, at leaſt 1 in certain caſes, to the metallic 
calxes. | 

(B) 70 or 80 parts of ſpirit « oth wine, by means 
of a boiling heat, diſſolve one of arſenic. 

(o) Concentrated vitriolic acid, boiled with 


white arſenic, diſſolves a ſmall portion of it, 


which yet, upon cooling it again, depoſits in 


the form of cryſtalline grains. This vitriol 


diſſolves in water with much greater difficulty 
than white arſenic itſelf; expoſed to the flame 


of a blow. pipe, it ſoon emits a white ſmoke, 
but, at the ſame time, is formed, by fuſion, in- 


to a globule, which at firſt bubbles, but ſoon 


grows quiet, and, although of a white heat, is 


but ſlowly conſumed. The white arſenic quick- 
ly flies off, not being capable of enden r 


ſion, and much leſs ignition. 


If the affuſed acid be evaporated to dryneſs, 
the repetition of this operation fixes the arſe- 
nic more and more, by carrying off the phlo · 

giſton, 


en i Ie A'S. ARE , . MF, - 
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e A EN Le. * 
giſton, but a exhibits the arſenicl os 


Ne. M + 
The ſame sg eee whe 8 . 
acid: When diluted, it diffolves the calx, which, 


on cryſtallization, appears nearly under the 


form of white arſenic, but, in its nature, is - 


true middle metallic ſalt, which is difficultly 


ſoluble in water, and expoſed to flame upon 


charcoal, exhibits. the ſame phaenomena with 
thoſe exhibited by the vitriol of arſenic above 


mentioned, but 1s conſumed: ſomewhat ars 
eee 777 


eee nitrous 108 Si the vals 
of its phlogiſton more effectually; and, by a 


proper quantity, if evaporated to dryneſs, the 


calx may be brought to ſuch a ſtate that the 
acid alone ſhall remain. That ſubſtance which 
is commonly called gum of arſenic, is nothing 


: but arſenic more or leſs dephlogiſticated, but 


always more ſo than white arſenic. © + 


The marine acid contains phlogiſton as one 


of its principles; it therefore attacks white arſe- 
nic in a different way. When concentrated, 
and boiling, it diffolves + its own weight, of 
which no ſmall portion again ſpontaneouſly, ſe- 
parates upon cooling, but is ſaturated with ma- 


rine acid. [This ſalt, which may alſo be had 


in a cryſtalline form, is much more volatile 
than the former, nor does it by any means en- 
dure i ignition; in a cloſe veſſel it all readily ſu - 

blimes, 


: 
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blimes, and is ſparingly ſoluble in boiling was 
ter (F 1x. D.). This ſolution is of a fine yel+ 
low, and ſcarcely differs from butter of arſenic, 
except in its degree of concentration. The 

very nature of marine acid prevents the atid ef 

arſenie from being diſengaged by its means; 
dich yet is eaſily made to appear, if to a ſolu- 
tion of White arſenic; in boiling marine acid, 
be added double the weight of nitrous acid; 


- - the liquor being then evaporated to dryneſs, the 


arſenical acid will remain, which, in order to 
free it from any foreign acid, ſhould be urged 
by fire until it begins to be ignited. By this 
method 100 parts of white arſenic yield about 
go of dry acid. In this operation, the nitrous 
acid acts more readily upon the phlogiſton of 
the white arſenic than when it is poured on the 
powdered arſenic; as, in the former caſe, the 
folution effects a more perfect diviſion of the 
arſenic. Hence it alſo appears why white arſe- 
nic is diſſolved in greater quantity, and with- 
out any ſubſequent cryſtallization, wW _ re- 
810 than by any other acid. 
The phlogiſticated alkali precipitates metals 
diffolyed i in acids, yet leaves arſenic nearly un- 
touched, both in vitriolic and nitrous acids, and 
in aqua regia; which happens either from the 
ſmall quantity of the matter diſſolved, or from 
its nature being changed. From the marine a- 
cid it ſeparates arſenic, of a white colour: In 


* 


* ARSENLG der 
this eaſe error is carefully to be avoided; for 


the ſolution may be precipitated by water a+ 
lone, unleſs the quantity of marine, acid be 
large; beſides, the diſengaged alkali, which is 


frequently found in this lixivium, mull de Tatade 
rated by the acid, _ - ng l 9p 
 ., Marine, acid... is dephlog nes wk degel⸗ 
tion with manganeſe, eg is reſolved into a red 
vapour, which in a cloſe. veſſel ſpoils a certain 
quantity of white arſenic, diſſolved in water, 
ol its inflammable principle, ſo that the veſſel 
is found to contain ſeparately water, acid of ar- 


ſenic, and marine acid regenerated; the firſt of 
theſe may be obtained alone by en to 


The power of the 5 acids upon 3 
has not yet been ſufficiently examined. The a- 
cids of arſenic. and of flour diſſolve it, and form 
cryſtaline grains; and that ſedative ſalt has the 


ſame effect, I hardly entertain a_ doubt; al- 


though it muſt be confeſſed that borax, which 


is ſaturated with that acid, does not precipitate 
arſenic diſſolved in water. The acid of ſugar 


eaſily takes up white arſenic, and yields priſma- 


tic cryſtals; the ſame. is nearly true of the acid 


of tartar. Vinegar, and the acids of ants, and 
of phoſphorus, alſo attack it, and yield cryſtal. 
line grains, which are ſcarcely ſoluble in wa- 
ter, nor have they yet been found to contract 
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any union wines ne oe in x the 3 of adiqus 
ſcence. 5 

From what has "ye ald, i it pen plainly, 
ai ſolutions of arſenic, made in acids, in cer- 


tain caſes, depart from their uſual nature; which 


we have already, ſhewn to be owing to the ad- 
herence of the phlogiſton being ſo looſe, that 


the acid of arſenic is readily ſet at liberty. © 3. 


(vp) The fixed alkalis diffolved in water abr | 


up white arſenic ; and if by means of heat they 
be loaded with it, a brown tenacious maſs is 


produced, which acquires ſolidity, is of a dif- 
agreeable ſmell, and is called hepar arſenici. 
The arſenic is partly precipitated by mineral a- 
cids, though a portion of it gradually loſes its 
phlogiſton, and adheres more tenaciouſly, 

A ſolution made with volatile alkali ſeems' 
to effect this decompoſition more readily, as no 


precipitation is occaſioned in it by acids. 


(E) A limpid ſolution of ſaline hepar, drop- 


ped gently into a ſolution of white arſenic, 


floats, forming upon the ſurface a gray ſtratum, 
which at length diſturbs the whole of the Ai 
None: 

() White l diſſolved in water 155 the 
aſſiſtance of heat, attacks ſome metals, particu- 
larly copper, iron, and zinc, nay the two laſt 
ſolutions, yield cryſtals by evaporation. Theſe 
compounds are not viſibly changed, either by 
acid or alkaline ſubſtances. Volatile alkali does 

| not 
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Kot 3 the 4 copper 1 2 blue * non 
in the martial ſolution does phlogiſticated alka- 


li occaſion any blue ſediment. The cauſe of 


theſe phenomena is to be ſought for in the ſu- 
perabundance of phlogiſton: For the acid of 


arſenic takes up all metals; united with copper 


it is diſſolved by the volatile alkali, with a blue 


colour, and joined with iron it exhibits Pruſ- 

ſian blue in the uſual way: The phlogiſton 
which coagulates the acid into white arſenic, 
is the ſubſtance which, in theſe mixtures, con- 
ſtitutes the only material difference. 


8 . Mineralized ale 


We have 8 obleryell that arſenic,, both 
reguline and calcined, may be united with ſul- 
phur ($ III. v1.). Nature ſpontaneouſly pro- 
duces theſe mineralizations yellow or red, ſome- 


times pellucid and cryſtalline ; the yellow ſeem 


to affect a lamellated form, the red a priſmatic. 
In the roaſted heaps of arſenical ores, there 
eee are found beautiful cryſtals, partly 


tetraedral, partly octaedral, ſome of which are . 


hollow pyramids trigonal or tetragonal, each 
triangle being compoſed of filaments reſpective- 
ly parallel to the ſides. Thus an hollow trigo- 
nal pyramid, frequently filled up with leſſer py- 
ramids continually decreaſing in ſize, forms a 
tetraedrum; but 8 tetraedra, properly diſpoſed, 


form 
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| | form an oftzedron. Thus in the 3 
1 formed a ſtructure entirely ſimilar to that which 
1 | dommon falt, digeſtive ſalt, and perhaps all 
5 ö . others, aſſume in the way of ſolution. Wag 
Iron, at the ſame time, entering theſe mine - 
B ralizations, renders the colour white, together 
F with a poliſhed and metallic appearance. To 
this claſs belong the ores which are commonly 
aalled white or arſenical pyrites. Arſenic with 
I 5 ſulphurated ſilver forms the red ore of ſilver, 
and, with ſulphurated ſilver and copper, tge 
white or grey ore of ſilver; it appears to be 
only mechanically mixed with the cryſtallized 
| ores of tin, and the calcined ores of cobalt. 
The ſpecific gravity of orpiment is 5.31 5, 
but that of realgar about 3,225. 
Orpiment and realgar ſublime totally in a 
gentle heat, unleſs they be mixed with other 
i ſubſtances; yet they ſuſtain fuſion, and the for- 
mer of them is thence made red. The arſeni- 
eal pyrites yields a ſublimate more or leſs white, 
in proportion to the quantity of ſulphur; but 
the greater part of it does not ſublime, but re- 
mains at the bottom. | 
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1 Six. Properties of Mineralized Arſenic mixed | 
by the Via Sicca with other Subſtances. ; 
(4) Of thoſe metals which readily unite with 


ſulphur and arſenic, a certain quantity may be 
united 


We * > 


er 1 - © 


united with orpiment and realgar- We have 
already mentioned the ſtone called pyrmiſon 
(S vI. E.), and many other ores of this kind 
(S v.), which may alſo be artificially imitated: 
Silver, mineralized by fuſion. with orpiment; 
yields, the red ore of filver. The reſt ny be 
formed ſtill more eaſily. i 

(8) Nitre is alkalized by ee arſe- 
nie, for it detonates partly with the ſulphur; 
: partly with the arſenic, which, when minerali. 
Zed, is always found in a form nearly reguline: 
The alkali thus diſengaged, either forms a ſal 
polychreſt with the acid of the ſulphur, or unites 
intimately with the arſenic ($ v1: D.) -.. 

(e) Fixed alkali, added in proper quantity, 
either to orpiment or realgar, and expoſed to 
a ſubliming heat, fixes the ſulphur, but diſchar- 
ges the greateſt part of the arſenic; yet the he- 
patic maſs retains a ſmall quantity of it, and, if 
the alkali Wonen ſcarce any of the arſenic 
riſes. | 
(O) Orpiment, on : diflilianicn wh W or 
triple its quantity of cortoſive ſublimate, yields 
two liquids which refuſe to mix; at length; on 
increaſing the heat, a cinnabar ariſes. In the re- 
cipient, a butter of arſenic is found at the bot- 
tom, pellucid, of a ferruginous brown, which,; 
in the open air, at firſt ſends copiouſſy forth a 
viſihle white ſmoke, and attracts the moiſture 
of the atmoſphere, by which it is gradually pre- 

Vol.. II. U eipitated; 
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clone The EE of the butter has deen 


already explained (5 nr. D.; vi. c.); it is very 
remarkable that it unites with marine acid ſo 


| flowly, that they feem to repel one another, nor 


can they be made'to unite beyond a certain de- 
gree. Diſtilled water added to the butter pre- 
cipitates 'a white powder, which, though ever 
ſo well waſhed, retains ſomewhat-of acidity; for 


a portion of butter of arſenic is yielded on di- 


ſtillation; a circumſtance which is alſo true of 


Algarotti's powder. The ſmoke affects the or- 


gan of ſmell with a peculiar penetrating odour, 
ſomewhat reſembling that of phlogiſticated vi- 
triolic acid, and depoſirs white flowers. 1 
The ſupernatant liquor, which authors com- 
pare to oil, is yellowiffi and pellucid; with wa- 
ter, and fpirit of wine, it quickly ſeparates a 
white arſenical powder; is not difturbed by the 
ſtronger acids; with alkalis it efferveſces, and 
is precipitated, If it be kept in a encurbit with 
a long neck, and unſtopped, white flowers gra- 
dually concrete round the orifice; theſe are lax, 
and ſometimes approaching to a cryſtalline form. 
Finally, by ſpontaneous evaporatio pellucid 
cryſtals appear at the bottom of the liquor, 


which are very difficultly ſoluble in boiling wa- 


ter, but, when diſſolved, precipitate ſilver from 
nitrous acid, and, on the addition of an alkali, 
let fall ſome arſenic. In lime. water, a white 
cloud af tends „ chem; expoſed to the 

lire, 
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fire, they neither decrepitate nor loſe their tranſ. 
parency, but totally ſublime without any arſe- 
nical ſmell, which yet immediately appears, if 
ignited phlogiſton comes into contact with them. 
No traces of mercury appear in this liquor, ei- 
ther by alkali or copper; undoubtedly, if any 
ſublimate was preſent, it would remain in the 
Water after the precipitation of the arſenic. Ter - 
ra ponderoſa, diſſolved in marine acid, and 
dropped into this liquor, does not form even 
the ſlighteſt congrumation, ſo that ene is no 
vitriolic acid preſent. 
From what has been ſaid, it appears, 2 55 the 
ſupernatant liquor is no other than a very dilute 
butter of arſenic, which, on account of the wa- 
ter, contains leſs arſenic. The butter contains 
the acid in its higheſt degree of concentration, 
and, therefore, loaded with a larger quantity of 
arſenic; the former liquor will therefore be 
more abundantly obtained, if the mixture of 
corroſive ſublimate and arſenic be ſet to ſtand 
a night in a cellar, or moiſtened with water, 
before it is ſubjected to diſtillation. As the 
common marine acid can diſſolve only a deter- 
minate quantity of the butter, it follows, that 
what remains after complete ſaturation ſhould 
totally refuſe to mix. Marine acid too much 
diluted precipitates the butter; but, in propor- 
tion as it is ſtronger, it diſſolves a greater quan- 
U 2 8X. 
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* x. pe: <A of N 3 Arſenic mixed 
9 Solution with other $ ubſtances. 


(a) Water has no en on neee arſe 


| 


nic. . * N 25 


(z) The acids operate according to circum- 


ſtances, eſpecially the nitrous acid and aqua re- 


gia; the former menſtruum, if concentrated, 
ſoon deſtroys the red colour of realgar, but does 
not affect the yellowneſs of orpiment, for its 
primary action is to calcine the arſenic, which, 


in realgar, muſt necellarily change r 2 bal 


lour to a yellow. 
Aqua regia, by long Srolion] takes” up the 
We but ſo as to leave the ſulphur alone at 


the bottom; hence we may diſcover the propor- 


tion of ſulphur to arſenic. But this operation 
muſt be ſkilfully performed, leſt, on the one 


hand, by the inertneſs/or inſufficient quantity of 
the menſtruum, ſome, part which ſhould be ta - 


ken away remain untouched ; or, on the other, 
leſt that portion which ſhould remain entire be 


diminiſhed. The colour of the reſiduum ought 


to be altogether gray; for, ſo long as any yel- 
low particles remain mixed with it, ſome of the 
arſenic alſo remains. By too much heat, or 
too long boiling, eſpecially if the nitrous acid 


be ſtrong, more or leſs of the ſulphur is alſo 


deſtroyed for ths nitrous acid takes away the 
"I 
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principle of inflammability "Era the ririolie,, 
ſo as to ſet the latter at liberty. 


If iron be preſent in the mineralization, it is 
all diſſolved, in virtue of its ſuperior attraction, 


before the arſenic is acted upon, unleſs it be too 
much calcined during the operation, either by 


heat, by the acceſs of air, or 25 the great power 
of the menſtruum. 7 


The red ore of filver i 18 3 decompo- 


ſed by aqua fortis, which takes up the ſilver and 


the arſenic, ſo that the ſulphur alone remains at 


the bottom; by this method, 100 parts of the 
tranſparent cryſtals yield about 60 of filver, 27 - 


of arſenic, and 13 & ſulphur : Iron is Not. ENT 
. 

The white ore of N firſt ad _ 
aqua fortis, lets fall the filver and copper, and 


then yields the remainder of the arſenic to aqua 


regia; ſo that, at length, the Yulphur may be 


obtained pure. The diſſolved ſilver may wie pre - 5 


cipitated by copper. 7, 


( ) Cauſtic fixed alkali, boiled i in cen wah | 


orpiment, yields a fœtid hepatic a i called 


by ſome a ſympathetic ink. 


Orpiment boiled in water, with donbls hs 


"weight of quick. lime, affords a liquor Which 


may be employed for proving wines: In this 
caſe the hepar calcis operates. Theſe ſolutions, 
pon the addition of acids, depoſit dean awe Jul- 
r and the arſenic, 
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both in the ſtomach and other parts of the bi 
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(») Oils too, ified by heat, diſſolve "IF | 


orpiment and realgar. 


PE 5 5 = Wer of Arſenic. 


e che uſes of this metallic fubſiance 


we can only treat in a very {light way. 
It can hardly be doubted but that it may be 


applied to valuable purpoſes in medicine; and 


experiments have long ſince put that matter en- 
tirely out of doubt; but, with reſpeC both to 

its doſe and preparation, the utmoſt caution is 
neceflary. From the properties diſcloſed by the 
foregoing experiments, it appears that this moſt 
virulent of all poiſons acts in the manner of an 
highly corrofive acid, and that even externally 
(S v.). Since, then, phlogiſton and alkalis are 
the moſt powerful correctors of acid acrimony, 


it will readily occur how it may be mitigated, 


and its. deleterious effects obviated. Hence, 
too, it appears why realgar is leſs noxious, why 
the 5 is milder than white arſenic, and 
this again milder than the dry acid; and why 
the baths of Carſbbad, which contain à mineral 
alkali only, united with aerial acid, are extreme- 
ly uſeful in diſeaſes occaſioned by arſenic ; why 
arſenic taken internally, without the neceſſary 
correction, occaſions, by its irritating quality, 
convulſive motions, among other ſymptoms, 
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dy. To paſs over other matters, which, from ; 
the chemical analyſis of arſenic, might be uſe- 


ful in the practice of medicine, this only I add, 


that of all the metals arſenic. moſt eaſily loſes its 


phlogiſton (5 11.); therefore we ſhould be cau- 


tious in conliding to phlogiſtic correctors, as 


the phlogiſton may be ſeparated in the viſcera 


by many different ways. The inſtance. of a 
man poiſoned by arſenic, who was diſſected in 
the anatomical theatre at Upſal, ſnewed that 
the penetrating. garlic ſmell may be excited 
ſimply by a ee to the e fer- 
mentation. 

The pſilothrum turcicum contains . 


among other ſubſtances; but its depilatory . 


power is perhaps more e aeribnd to the 
cauſtic alkali. 

Philoſophers are wont to evince 8 extraor- 
dinary poroſity of bodies, and the wonderful 


ſubtilty of vapours, by the ſympathetic ink 


(S x. c.); for writing made with vinegar of 
litharge, by itſelf inviſible, expoſed to the va- 
pour of this liquor, becomes in a few minutes 
of a brown colour, even though a great my 
folds of paper be interpoſed. 

Wines naturally acid, or grown ſo by age, 
ill continue to be edulcorated by lead, not- 
withſtanding the puniſhments attending the de- 


tection of this fraud. It is therefore of great 


conſequence to be in poſſeſſion of an eaſy me- 
UV 15 thod 
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thod of diſcovering ſuch a ſophiſtication, For 
this -purpoſe the probatory liquor (§ x. c.) is 
commonly employed; for this, when dropped 
into pure wine, occaſions nothing but a yellow 
precipitate, but, when the wine is adulterated, 
a brown or black. This may alſo be done by 
a ſaline hepar; but fraud and avarice have con- 
trived methods of eluding this proof, unleſs 
chemiſtry lend its aſſiſtance; for, if a ſmall 
quantity of chalk be contained in the wine, the 
ſaline hepar fails; for the white calcareous 
earth falling, diminiſhes the blackneſs. A large 
proportion of tartar renders the probatory liquor — 
ineffective, as the tartareous acid forms with 
the lime a white falt very difficult of ſolution. 
Arſenic ſometimes enters metallic compoſi- 
tions, eſpecially copper and tin; but it is much 
to be wiſhed that ſuch compoſitions were ba- 
niſhed, at leaſt from the kitchen. Shot made 
of lead is ſometimes hardened by orpiment. 
Regulus of arſenic enters into the compoſi · 
tion of Meuder's phoſphorus. The power of 
the calx in vitrification was long ſince known 
E | to Geber, and, therefore, it is frequently em- 
_ == | ployed in glaſs houſes, either for facilitating fu- 
1 - _» Hon, for acquiring a certain depree of opacity, 
* 8 or, finally, for carrying off phlogiſton. The 
F#: . method in which mountain cryſtals, placed over 
orpiment, white arſenic, crude antimony, and 
ſal ammoniac, mixed in a a crucible, are tinged 


N 
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by means of heat, i is deſcribed by Neri; and, 
upon trial, this is found to he true; 2 thug 
obtained theſe cryſtals beautifully marked with 
red, yellow, and opal ſpots, but at the ſame - 
time cracked, which could ſcarcely be avoided. 
In painting, too, the artiſts ſometimes em- 
ploy arſenic, Painters in oil frequently uſe - 
both arpiment. and realgar ; and it is probable 
that wood, covered with a pigment mixed with 
white arſenic, would not be liable to be ſpoiled 
by worms, A moſt beautiful green pigment 
may be precipitated from blue vitriol, by means 
of white arſenic diſſolved in water, together with | 
vegetable alkali ; this, prepared either with 
water or oil, affords a colour which ſuffers no 
change in many years. The playthings af 
children, however, ſhould not be painted with 
this, or any other preparation of arſenic, on 


account of their cuſtom of putting every thing 
into their mouths. 
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DISSERTATION XXII. 


OF THE. 


Oo RES OF ZINC. 


| § 1. Hiforical Introduction. 


HE ſemi-metal, which at preſent is called 
Zinc, was not known ſo much as by 


name to the ancient Greeks and Arabians. The 


name which it bears at preſent firſt occurs in 
Theophraſtus Paracelſus (a); but no one as 


yet has been able to diſcover the origin of this 


appellation. A. G. Agricola calls it contre- 


feyn (5); Boyle, ſpeltrum (c): By others it is 
denominated ſpeauter, and Indian tin (4). Al- 
; bertus Magnus, more properly called Bolſtadt, 
who died in 1280 (©), is the firſt who makes 


expreſs 


(a) In operibus, paſſim. (5) De re metallica. 
(e) Ponderab. flamme. (4) Fada trifida chy- 
mica. (e) In libro mineralium. 


/ 
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expreſs mention of this ſemi-· metal. He calls . 
it golden marcaſite, aſſerts that it approaches to 


à metallic nature, and relates that it is inflam- 
mable. However, as zinc is white, the name 
of golden marcaſite is not very proper; it would 


therefore appear probable, that it derives "that 
name from the golden colour which it commu- 
nicates to copper, had not Albertus expreſsly 


ſaid, that copper united with golden marcaſite 


becomes white; but he has probably either 


miſunderſtood -or miſrepreſented whar he had 
heard related by others. It may alſo happen 


that zinc was formerly thought to contain gold. 
J. Mattheſius, in 1562, mentioned a white and 


a red zinc (/); but the yellowneſs and redneſs 
are only to be underſtood of the ores. Hol- 
landus, Baſil Valentine, Aldrovandus, Czfius, 
Czſalpinus, Fallopius, and Schroeder, obſerve 
a profound ſilence on that head ( 2). + 
Ihe eaſtern Indians having long ſince been 
in poſſeſſion of the method of extracting pure 
zinc from the ore, at leaſt in the courſe of the 
laſt century, this metal was brought from 
thence to Europe. Jungius mentions the im- 
portation of zinc from India in 1647 (0). A 
metal of this kind, under the name of tutenag, 
is ſtill brought from thence, which mult be 
: 1 carefully 
(J] Sarepta. () Pott on Zinc. 4 
(+) De mineralibus. 


2 
r 
Tony 


APA aff , 5 | _ 
OO OR RA een RC e. 9 MELO 


F 7 
E 11 
- 
33 
=- 
\ 
_ 
: 
bd - 
4 
x „ 
K 4 
4 = 
£ 
\ 
; ti 
* 13 - 
* 
= 
MW 4 
1 [1 
1 


* 


1 1 tes „ 7 
£ * 
. — — . — —— — 


3:6 OF THE ORES OF ZINC, 


carefully diſtinguiſhed from the compound me · 


tal of that name. G. E. Van Lohneiſs tells us, 
in 1617, that, a long time before, zinc had been 
collected by fuſion at Goſlar (i). It has been 
long uſual to form orichalum from the ores of 
zinc by the addition of copper ; but it does not 
yet appear at what time this art was invented. 
Pliny makes mention of the orichalum, as alſo 
of three ſpecies of - Corinthian vaſes, one of 
which is yellow, and of the nature of gold /&), 
Eraſmus Ebner of Norimberg, in the year 1550, 
was the firſt who uſed the cadmia of Goſlar for 
this purpoſe, 

In the year 1721, Henckel indeed mention- 
ed'that zinc might be obtained from lapis ca- 
laminaris, by means of phlogiſton, but he con- 
ceals the method (/). The celebrated Anton. 
Van Swab, in 1742, extracted it from the ores 
by diſtillation, at Weſterwick in Dalecarlia (7). 
It was determined to found a work for the pur- 
poſe of extracting larger quantities of this ſemi- 


metal; but afterwards, tor various reaſons, this 
project was laid aſide; therefore the illuſtrious 


Margraaf, not knowing what had been done 


| Wy the Swediſh wie in the year 1746, 


publiſhed 
(5 Bericht von Bergvercken. (4) Hiſt. Nat. 
xxx. c. 2. (0 Pyritologia.' _ (m) Elogium 


magni hujgs metallurgi coram R. Acad. Stock. reci · 


Or THEORES OP ZING.” gig. 
publiſhed a method of performing this operas 


tion, which he had diſcovered himſelf (u). 


It is not known how zinc is extracted in 
China. A certain Engliſhman, who ſeveral _ 
- years ago took a voyage to that country for 


the purpoſe of learning the art, returned ſafely 


home, - indeed, and appears to have been ſuffi- - 
ciently inſtructed in the ſecret, but he carefully 
concealed it. We find afterwards that a ma- 
nufaQory had been eſtabliſhed at Briſtol, where 


zinc is ſaid to be obtained by diſtillation per 
deſcenſum. We have already ſeen that it had 
been before obtained in Sweden by diſtillation 
per aſcenſum, which afterwards was effected in 
larger quantity, by Meff. Cronſtedt and Rin- 
man, two very celebrated e and me- 
tallurgiſts. 


The difficulties occaſioned by the volatile an 


combuſtible nature of this metal, for a long 
time retarded the knowledge of the ores con- 


taining it; nor is that wonderful, as, being of 


a metallic form, it has, even to our times, been 


conſidered as compoſed of two or three ingre- 


dients. Albertus Magnus thinks iron an in- 
gredient; Paracelſus called it a ſpurious ſon of 
copper; Lemery holds it to be a ſpecies of biſ- 
muth; Glauber, and many alchemiſts, conſider 


it merely as an immature ſolar ſulphur ; Hom- 


3 „ ws berg, 
4 +, 5 24 


(2) Mem. de VAcad, de Berlin. 
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. tin and, iron; Kunckel; a * 
a coagulated mercury; Schluter, as tin made 
| brittle by ſulphur, &c. 

. The ore, which reſembles true 8 18 5 
led pfeudo galena; and is for that reaſon, per- 
haps, by the inhabitants, called blende, as in 
texture and ſplendour it reſembles the blends, 
though it contains no ſilver. The celebrated 
Brandt, in 1735, ſhewed, that this contained 
zinc (o); and ſoon after D. Swab actually ex- 

tracted it from the Bolognian pſeudo galena, 
þ which poſſeſſes a metallic ſplendour.” The Ba- 
ron Funch, in 1744, determined the preſence 
of zinc in pfeudo galena from the flame and 
' _ the flowers (); and in 1746 Mr Margraaf ſet 
the matter out of doubt. | 
Zinc cannot be united with ſulphur alone, 
yet is found joined with it in the pſeudo ga- 
lena; and this conjunction Mr Cronſtedt (9) 
thinks is effected by means of iron; but Mr 
Sage (7) ſuppoſes, that, in this ne an ear- 
thy hepar is formed by means of lime. 
Julius, in the year 1570, undertook, at Ram- 
meliberg, the preparation of a certain falt, 
which he called Ertz-alaun, but which we now 


— 


D / --: with under the name of Gallizenſtein. 
(65 Aa. Upſal. « 9 Ad. Stockholm. 


(9) Cronſtedt Mineralog. () Mem. de VAcad, 
de Paris, 1771. | 2 
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No one, before 1735, knew the true compoſi- 
tion of this ſalt; but, about that time, D. Brandt 
publiſhed two obſervations explaining its na- 
ture; for he found that this ſalt calcined, and 
then treated with charcoal. duſt and copper, 
formed braſs ; and alſo that zinc, directly diſ- 


ved is biftzeläe ved, formel witahiof diwligas - = 


nature as gallizenſtein. In the ſame year Mr 
Hellot communicated the latter of theſe expe- 
riments, made by himfelf, to the Royal Acade- 
my at Paris, proving that white vitriol is a m_ | 
dle falt compoſed of zinc and vitriolic acid. 
Mr Sage has lately attempted the analyſis of 
lapis calaminaris, in which he aſſerts that zinc 
is mineralized by marine acid. The ſame au- 
thor contends, that zinc is found in manganeſe 
J; and Dr Bayen relates, that he diſcovered 
it in the white ores of iron (2): But gar Have! 
both miſtaken cen Tn for zinc e 42 


95 U. Zine ts Sei fo us PAY Nature under 4 
" 3 of Forms. 

. 1 not Wert certain en zinc . ever 
found native, unleſs we ſuppoſe the gray, flex- 
ible, metallic, inffammable filaments,” ſurround- 
2 ( / ) Mem. de FAcad. de 3 4760. (0 Jour- 


nal de Phyſique, par Mr Rozi 1776. () See 
the Treatiſe on the White Ores of Iron. e | . 
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ed by yellow ochre, which Mr de Bomare obs 
ſerved” in the neighbourhood. of Limburg and 
Rammelſberg, to be produced ſolely by the 
hands of nature (4). In order to diſcover their 
true origin, they muſt be attentively conſidered, 
and their nature ſolicitouſly inveſtigated in the 


matrixes. In the mean time, it will be proper 
briefly to deſeribe the habitudes of perfect zinc, 
when expoſed, to flame upon charcoal. This 


ſemi-metal ſcareely melts alone by the blow- 
pipe, as its whole ſurface is quickly covered 
with a calcined cruſt; but the internal maſs, 
fuſed and expoſed to ſtrong heat, now and then 


explodes with a beautiful greeniſh: blue fame, 
and diſperſes a white. calx. n © | 


A ſmall piece of zinc is taken up with — 


| PE by -microcoſmic ſalt in fuſion; at the 
ſame time it ſends forth many flaſhes, with a 

crackling noiſe; but, if the heat be too great, 

it explodes, ſcattering about ignited particles. 


Borax takes up zinc with a degree of effer- 
veſcence, and the fuſed regulus at firſt tinges 
the flame. If the blaſt be intermitted, it ſends 
forth a flaſh, and afterwards it is difficult to fe- 


produce the phaenomena; but the regulus is 
gradually diminiſhed, and the maſs of borax 


ſpreads upon the charcoal without any explo- 
ſion. ; / ö 1 


(x) De Bomare, Mineralogie. 15 


or THE Ones: OF Z1NE. 


The mineral alkali, expoſed to heat width 
"eines in a ſilver ſpoon, corrodes it, but with» 
out any tinged flame, or any exploſion JN." 

The ores containing zinc differ much in ap- 
pearance and properties; but ſo long as the 
uncertainty: of the exiſtence of native zinc re- 
mains, they may, agreeably to their nature, be 

divided into two claſſes, ſome containing the 
ſemi· metal ſimply deprived of phlogiſton, the 
others holding it mineralized, either by ſome 
acids, or united to n by the means of 
iron. S ee e CW 3s: 


| Calcined Zinc: - 


(4a) Pure zinc, calcined in diſcrete particles, 
is extremely rare. To this we may refer the 
zinc brought from China by Grill, and de- 
ſcribed by Von Engeſtrom in the year 1775 (). 
That the compariſon with native zinc may 
be more eaſily made, it will be neceſſary to 
deſcribe briefly the habitudes of flowers of 
zinc, as examined by the blow-pipe. Theſe 
flowers, expoſed alone to the flame on charcoal, 
put on a phoſphoric Tplendour, which vaniſnes 
Vol., II. Rm 0g „„ {2B 


000 The Chineſe zinc, upon examination, yields | 
ſcarcely half a pound of lead in an hundred. "Che _ + 
'zinc of Goſlar contains ſomewhat more; but neither 

the one nor the other yields the ſmalleſt particle * Ye: | » 

iron. "W AQ. Stock. 1775. 3 1 1 
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when the flame intermits. They alſo remain 
\ fixed and refractory. 

; With microcoſmic falt they are bend diſ- 
ſolved without ſpumeſcence. Upon cooling, 
the globule remains tranſparent, if the zinc a- 
mounts to leſs than double the bulk of the ſalt; 

if to more, the globule is milky, In proportion 
as it is more ſaturated, i adheres the leſs to the Þ} ' 

1 charcoal. | 
With borax the ſame thing is; but the 

flowers are more ſlowly taken up; and, in pro- 

+ portion as the globule is more loaded, it ex- 
pands more upon the charcoal. 

. In a filver ſpoon, with mineral alkali, they 

ſuffer no ſenſible change. | 

(3) Calcined zinc, mixed in various propor- 

| tions with earthy and ferruginous -particles, 

commonly called lapis calaminaris, is employed 

| in the compoſition of braſs: It is of a ferrugi- 
nous, yellow, or white colour, and generally 

hard; but the hardneſs is not the ſame in all, 
nor is it ſufficient to ſtrike fire with ſteel. 

- Theſe minerals exhibit with the blow-pipe 
the ſame phaenomena as the preceding varie- 
ties, except thoſe which abound in iron; for 

the ſubtile powders of theſe laſt, expoſed to a 

white heat, are of a more obſcure colour, and 

are. mane (a). The microcoſmic falt con- 
| tracts 


fa) The celebrated Rinman, after calcining the white ' 1 i 
| |  lhapis E 
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Ga with them the colour of fmoked gie f 


borax a yellowiſh green; but in both caſes, if 
too much ore be added, an opacity is omen; 


The e alkali yoree black. 


% 


M ineralized Zinc. 5 


Zinc aſſumes cs FIR to its na- 
ture, in the hands of nature, partly by its union 
with a certain native acid, partly by means of 
ſulphur.” Among the acids which mineralize 
Zinc, no other are yet known but the aerial 5 
the vitriolic. | 

Aoerated zinc is found concreied fo hard, as 
fometimes to ſtrike fire with ſteel ; it exhibits 


an appearance like quartz, upon breaking, and 


is, on the ſurface, generally knotty, ramous, or 
variouſly contorted into lamellæ: This is called 


glaſs 'of zinc. And Mr Von Swab obſerved, 


during diſtillation, that a matter, exactly of 


the appearance. above deſcribed, was produced 


through the ſmalleſt cranny in the apparatus, 


A variety of this mineral, brought from Eng- 


land, expoſed to flame with the blow pipe, re- 


_ without liquefaction, but n was 


1 2 | as 


* 
* 


lapis calaminaris of Aix la- Chapelle for the ſpace of 
eleven days, in one of the furnaces uſed for the prepa- 


ration of ſteel, found that it adhered to the 8 
mol. i in the ſame manner as filings of iron, 
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as it were reſolved into flowers, and acquired a 


more dilute colour. 


The ſmell ſhews no traces 


of ſulphur, nor is it magnetic either before or 


after calcination. 


The microcoſmic ſalt, and 


alſo borax, diſſolve it without difficulty; the 
latter ſomewhat more ſlowly. The mineral al- 
kali ſcarcely takes up any; ſo that its habitudes 
much reſemble thoſe of the flowers. | 
_ | Artificial vitriform zinc manifeſts the fame 
properties as the natural, but does not ſplit, 
and is more ſlowly and ſparingly dread: in 


the uſual ſalts. 


(B) To this claſs alſo muſt be ph the 

variety which is ſoluble in water by means of. 
vitriolic acid. Mineralogiſts very properly e- 
numerate this among the metallic ſalts; yet it 
muſt not be paſſed over in a place where our 
intention is to ſpeak of all the minerals which 
contain zinc abundantly. 
Pure vitriol of zinc, expoſed to the ane: 
on fuſion, foams violently, and, finally, leaves 
behind a refractory maſs, which does not wy 
phoſphoric like the flowers, 

This vitriol, calcined, is readily taken up; 
with efferveſcence by the microcoſmic ſalt. If 
too much of the vitriol be added, the globule 
is of an opal colour. The ſame takes place 

with borax. It unites at firſt with mineral al- 
kali with violent efferveſcence; but afterwards 


is very little ated upon. 


Native 
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Native vitriol of zinc is fcarce ever found 


pure, but mixed with copper or iron, or both; 


ſo that the phaenomena vary in reſpect both of 
the quantity and n of the het NIE. 
mixture. 717-8 
Zinc, mineralized by doko produces; OY 
rious colours. I have known it black, brown, 


yellow, greeniſh, and, finally, with a metallic 
ſplendour ; which laſt is called by Mr Cronſtedt, 


| particularly, the ore of zine. The pſeuds ga- 
lena puts on a ſquamous form, not unlike that 


galena which ſhines when the little lamellae are 
viewed obliquely. Sometimes it is fond ſe- 


mi · tranſparent, very rarely octaedral; it b curs 
accidentally, mixed with ſilver, lead copper, 5 


kn and other metals. 7 
The habitudes vary a little, according to the 

different heterogeneous matters. For example, 

we ſhall deſcribe: three varieties found in Swe- 


den, viz. the black of Dannemer, the red of 


Sahlberg, and the metallic one of Boval. 


Ihe firſt of theſe does not ſtrike fire with _ 
ſteel, yields a brown powder which decrepitates 


upon heating, ſends forth a ſmoke of a ſulphu- 
reous ſmell, and depoſits upon the coal partly 
white flowers (conſiſting of zinc), and partly 
yellow ones (conſiſting of lead): It is not mag- 


netic, either crude or roaſted: When expoſed 


to the flame, in ſuch a manner that the divided 


| X 35 : : : ö apex. 
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Apex of the flame is reflected, it frequenily 5 

| pages: tinged with zinc. 

Ahe fecond is little changed by 3 
tion; it ſtrikes fire with ſteel on account of the 

quartzoſe matrix; it neither decrepitates nor 

ſmokes, and generates flowers but iparingly : 

yet it fometimes tinges the flame. 

The third produces an aſhen brown We 3 
| does mot decrepitate; expoſed to the apex of 
the game, it exſudes en drops, and Aer 
flowers. | 

Ihe een falt difſolves the rſt, and, 
| 5 the beginning, puts on an opaque whiteneſs; 

but, hen nearly an equal bulk is added, it 

grows- black. The ſecond is never entirely 
taken up; for the quartzoſe part of the matrix 
remains; when loaded, the globule grows milky. 
The-third is diſſolved with little efferveſcence, 
and the globule is obſcured, is a little blue (from 
the copper), but by long fuſion the tinge va- 
niſhes; if continued too Jong: it is rendered 
opaque... 

It is to be obſerved as 1 Ps 0 that, 
during folution, flaſhes break forth, ſuch as are 
deſcribed proceeding from the metallic zinc, 
but ſmaller, and leſs frequent. 
Borax, with a ſmall quantity of. the firſt, 
grows yellow, with a larger quantity black, 
and that almoſt without any efferveſcence. The 

ee is more ſlowly taken up, yielding a yel- 
lowiſh 
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lowiſh green glaſs; by too much an Men is 
contracted. 

Mineral alkali We he firſt with vehe- 
ment ebullition, producing grains of lead, al- 
though no galena appears mixed with it even 
by a glaſs. The ſecond is alſo taken up with 


efferveſcence, forming an hepatic maſs, which 


is allo true of the third; but theſe Le no 
metal. | 


$ III. Auah f Calcined Zinc. 


We fhall 1 now examine a 8 of lapis ca- 
ee which, in the manufactories where 
braſs is prepated, is called N lapis ca- 
laminaris. | 

(4) 100 lb. of this ſtone, to which were ad · 
ded i65 of concentrated vitriolic acid, gene- 
rated fo great a degree of heat, as to raiſe the 
thermometer in a few moments from 15? to 
65?, and a white ſmoke breaks forth, which 
yet could not paſs through the tube of an alem- 
bic without the aſſiſtance of fire. This ſmoke, 
collected in diſtilled water, exhibited the ſame 
phaenomena as are mentioned in the following 
paragraph, and, therefore, is of a vitriolie na- 
ture (§ Iv. p. ). 

() 100 parts of this mineral, well . 
loſes ſcarcely any of its weight; ſo that if it 

contains any aerial acid, the quantity is ſo ſmall 
| oe 
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% >  _  *as Not to be ſenſible on weighing ; for the ſmall 
0s, obſervable decrement muſt be aſcribed to the 
Humidity. The ſame is alſo confirmed by ſolu- 
| tion in acids; for no een appears in 
: this operation. p 
| (c) A double weight of nitrous ald: Was 
5 poured upon 100 of the ſame ore, which being 
1 eyaporated to dryneſs, the ſame quantity was 
| twice more added, and in like manner expelled 
by fire; this was done, that the iron being cal - 
cined might remain inſoluble. During this 
operation the vapours were ſomewhat red. 


. KEW, The maſs being again put into nitrous acid, 
(13, the zinc alone was diſſolved by phlogiſticated 
13 i | Mw BER alxkali, and a white ſediment wag precipitated,” 
125 a L 7 which, when waſhed and dried, weighed about 


359 lb. The inſoluble reſiduum, well elixated 
and dried, weighed nearly 16 Ib.; this, with 
three times its weight of concentrated vitriolic 
acid, was evaporated to dryneſs in a ſand bath ; 
aà ſolution was then extracted with diſtilled wa- 
ter, which yielded, by means of phlogiſticated 
alkali, about 12 Ib. of Pruſſian blue: The li- 
quor remaining produced, by ſubſequent cryſ- 
] OED, a true wa, but in very {mall quan- 
tity. 0 ” 
Finally, there ET 12 Ib. which-eluded 
the force of the acids, and which was of a fill 
ceous nature. 
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+. e All theſe being conſidered, there are 


found in 100 of this lapis calaminaris, 84 off 
calcined zine, 3 of calcined iron; about 1 of - 
pure clay, and 12 of filiceous earth. | 

(x) This analyſis has alſo been conveniently 
performed in another way. Firſt, by abſtrac- 

ting vitriolic acid, then elixating with water, 
finally precipitating by cauſtic volatile alkali, 
and diffolving. © The” reſiduum, which reſiſts 

the vitriolic acid, is ſiliceous earth; that which 
refuſes the volatile alkali contains a calx of iron 
with pure clay, which, when diſſolved in vitrio- 
lic acid, _ be 2 15 n al- 

kali. 

(x) We ſhall finiſh, by adding ſomewhat here 
concerning the calx of zinc, ' artificially prepa- 
red, which commonly goes by the name of 
flowers of zinc. Theſe are eaſily and totally 
diflolved by acids, generally without any mo- 
tion, but ſometimes with a vehement efferveſ- 
cence. Some flowers, which had been made by 
Von Swab in the year 1742, were quietly dif- 
ſolved after the ſpace of-.thirty-ſeven years; 
whereas others, made in 1758, excited a vio- 
lent efferveſcence like chalk, inſomuch that one 
would be induced to ſuppoſe, at firſt, that chalk 
was mixed with them ; dut, upon examination, 
nothing Wie was found. The elaſtic 
fluid which was extricated ſhewed, upon exa- 
mination, all W of aerial acid. This 
difference 
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1 1 difference is undoubtedly occaſioned by the 

/ quantity of the aerial acid ſurrounding the 
= |. maſs during calcination, and ſhews that the de. 

1 phlogiſtication may be effected without the re· 
I L ception of that acid. | 
iy 8, The flowers, which are extremely white, ex · 

1 8 8 to the action of dephlogiſticated marine 
1 acid for ſome days in a cloſe veſſel, grow almoſt 
VS black, but are not (like white CG hs reſolved 
8 | into an acid Maher. 

3 ' : 
be” § Iv. Analyſi of Aerated Zinc. 

Þ 1 | The 1 of aerated zinc firſt examined, 
2} : Vauͤ as that brought from Holy-Well in England, 
3 | the ſame which had been examined before by 
= the blow-pipe ($ 11.).—Of this 
* (A) 100 lb. reduced into a ſubtile 8 
1 I loſt by calcination 34 Ib. but did not betray the 
8 ſlighteſt traces of a ſulphureous odour. 
* | () As it diflolves in marine acid with effer- 
I | veſcence, and without any hepatic odour, the 
13 operation was performed in a chemico-pneuma- * 
2 tic apparatus, in order to examine the nature 
FA , of this volatile vapour. 100 lb. in this way 
= _ yielded only ten cubic inches of elaſtic fluid; 
_=_ but the water through which | paſſed, amount- 
I : „ \ ing to zo inches, was found almoſt ſaturated. 
1 In order, therefore, to determine it more accu- 
= | rely, it was collected in mercury, and exhi- 
1 | : i | 5 bited 
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bited about. 28 cubic inches, which were all 
abſorbed by diſtilled water, and imparted to it 
all the properties communicated by aerial acid, 

Now, 28 cubic inches of that acid, in a mode- 
rate temperature, weigh about fo. many allay 
pounds, but, in calcination, 34 are loſt: Six 
therefore remain, which, doubtleſs, are owing . 
to water; for it appears from (D) that no aerial 

acid is preſent. . 
(ee) The experiment : was no in the i 

way, but the vitriolic acid employed inſtead of 


the marine; an equal bulk of aerial ach Was 
produced. 


(d) In order to FO Mine mother any veſts 


ges of marine acid remain hid in this ore, to 


- 100 parts, reduced into a very ſubtile powder, 
were added 165 of concentrated vitriolic acid, 
in a ſmall cucurbit fitted with an head, the ori- 
fice of whoſe tube was plunged under diſtilled 
water. No ſmoke or ſmell was perceived. The 
cucurbit was therefore placed in a ſand ba 
and fire being applied, the mixture at length 
ſent forth a white ſmoke, which paſſing through 
the water, there depoſited whatever acid it con- 
tained ; and the water loaded with this fame 
reddened paper tinged with turnſole. Some 
drops of a ſolution of nitrated filver were drop- 
ped into a ſmall portion of this, upon which 
clouds aroſe, but theſe quickly vaniſhed upon 
the addition of a quantity of diſtilled water. 
But, 
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But, as Vitric ted ſilver is much more ſoluble | 
than falited ſilver, a ſuſpicion aroſe of the 
preſence of vitriolic acid, which was further 
confirmed by the dropping in of nitrated mer- 
cury prepared without heat; for the white ſtriaæ 
which appeared upon this inſtillation, upon the 
further addition of a large quantity of water, 
fell to the bottom in the form of a yellowiſh 
powder: Beſides the addition of falited terra 
ponderoſa to another portion, immediately ge- 
nerated a ſpathum ponderoſum, the moſt cer- 
tain ſign of vitriolic acid. If, therefore, marine 
acid be preſent in ſome vitriform ores of zinc, 
this muſt be conſidered at leaſt as accidental, 
and Py no means s neceſſary tc to _ Heir compoſi- 
| tion. | f 
©: ez) Vitriolic 1230 takes it up almoſt entirely, | 
| x leaving ſcarcely 00,1 remaining undiſſolved; 
_— and evaporation being continued to dryneſs, ſo 
| *Y [=p | as to expel the ſuperfluous acid, the ſolution, 
x TLDS on the addition of water, yields, by cryſtalliza- | 
A ER 8 5 tion, 326 lb. of white vitriol. © 
13 '"(#) Phlogiſticated alkali, added to a ſolution 
of this vitriol, throws down a mixed maſs, white 
and ſpongy, yet containing a few particles of 
Pruſſian blye; which ſhews that a ſmall quanti- 
ty of iron is preſent. It is worthy of obſerva- 
15 tion, that the blue atoms gradually become of 
2 a browniſh red; whether they be ſuffered to re- 


main in the e for ſome days, or whether 
n they 
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they be ſeparated "yp Cowes: waſhed, and 
trite 6 * * 

(so) 100 8 106 we; nine,” dh pow- 
5 r. charcoal, and 150 of copper, treated in 


the uſual way, communicated to the copper an 


increment only of 15 lb. though, in this opera- 
tion, a great part of the zinc r is e 
ed by deflagration. 15 


(u) Upon comparing all che e it 
plainly appears, that, in 100 of this Engliſh-mi-.. 
neral, there are 28 of aerial acid (B. c.), 6 of 


water (B.), and of calcined zinc (with a very 


ſmall portion of * ochre, ſcarce. GOO 10 a- 


bout 65 (E. F.). | 2 


(1) For the ſake of compariſon, it wall be | 


added, that the artificial glaſs of zinc, ariſing 
from the diſtillation of this ſemi-metal, diſſolves 


in acids without any efferveſcence; fo that it 
alſo contains more zinc, and the other variety 


mentioned i in F u. (B.) is e 


i v. A 7 s i Vitriolated Zi Inc. 


Zinc, in a ſaline date, has b 3 but g 


rarely found, and always united with vitriolic 
acid; ſcarcely ever pure, but united with vitriol 
of iron or of copper, or both together. We 


ſhall therefore firſt examine it in its pure ſtate, 


in order to diſcover occaſional differences che 
better. 


( vitriol 
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234. OF,THE ORES OF ZINC. 
| (a) Vitriol of zinc yields tranſparent cryſtals, 
oor as water, and without any colour; they 
_ exhibit compleat quadrangular priſms, two of 
whoſe oppolite ſides are broader; the termina- 
ting pyramid has alfo four ſides: In general, 
_ however, in the two oppoſite angles of the 
priſm, a ſmall defect is obſerved, fo that the 
ſeection becomes hexagonal. The native vitriol 
is generally ſtalactitic, ariſing from the ſponta- 
neous calcination of pſeudo galena. The 8880 
ſtals rather calcine than deliqueſce. 
(s) By gentle calcination 100 loſes about 49, 
which conſiſt of water. | 
After a white heat 17 thros 0 "ORE No more 
remained than 20 of aſhen brown coloured 
_ 5 powder ; yet that metallic zinc, by calcination, . 
3.1 . 735 is increaſed at leaſt o, 17, plainly appears, for 
1 20 of calx are produced from little more than 
17 of the metal: 100 of white vitriol there- 
fore, contains 20 of calcined zinc, 40 of vitrio- 
lic acid, and 40 of the water neceſſary to cryſ- 
tallization. 0 

(c) In a moderate temperature, 100 of the 
cryſtallized vitriol require to diffolve them 228 
of diſtilled water. By a Ddolling heat much 
more is taken up. 

(o) If to a folution of the 100 juſt mention- 
ed, de added a phlogiſticated alkali, whitiſh 
particles are ſoon ſeparated ; which, collected, 
waſhed, and dried, after compleat precipitation, 
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yield 83 of a yellowiſh white powder. Now, 


1 part of metallic (that is 1,17 of calcined zinc) 


yields to phlogiſticated alkali nearly 5, there- 
fore 83 indicate 16+ of metallic zinc ; which a- 
grees altogether with an experiment already 


tried in another way (B). 


(E) A ſolution of 100, precipitated by aera- 


ted alkali, yields a white powder, in weight 38, 
which is taken up by acids with an efferve- 
ſcence, which continues till the very laſt particle 


is diffolved ; therefore 20 of calcined zinc are 


able to fix 18 of aerial acid and water together. 


Hence we derive an illuſtration of what has 
been already ſaid concerning its efferveſcence 
in acids (S Iv. r.). Zinc, when once calcined 
without aerial acid, afterwards attraQs it ſcarce- 


| by at all, or at leaſt very ſlowly, 


(x) White vitriol, mixed with green, blue, 
or both, cannot be ſeparated from them by cry- 


ſtallization. 

The mixture may in ſome wat be judged 
of by the colour. The form of the cryſtals is 
ſpathaceous, even though the inquinament does 
not exceed 5. The phlogiſticated alkali be- 
trays copper by a browniſh red, and iron by 


blue particles, the former of which, particular. 


ly, diſtinctly appear on the firſt inſtillation, 
mixed with the white, provided the liquor be 
not ſhaken, On the addition of zinc, both the 
copper and iron are precipitated. 
| S Vi. 


* 


* 
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amining ores by this method, the quantity is 


per o, 16, zinc o, 17, and iron o, 36. In the 


F 
* A 


85 VI. Hnahſe of the Black ba. Galen 1 
eee 


I have tried by 1 various 25 to Or 
the compoſition of the pſeudo galena; but ſhall 
here only mentibn thoſe which ſeemed peculiarly 
adapted to the purpoſe i in each particular caſe. 
(a) By a white heat of four hours, 25 out of 
100 flew off; at the ſame time a ſtrong ſmell 
of ſulphur was perceived, ſcarcely. mixed with 
that of arſenic, but no flame, nor were any 
flowers of zinc. diſcernible ; the colour of the 
roaſted powder was like that of bricks. 
. This operation being finiſhed, the quantity | 
of volatile matter is generally eſtimated from 
the decrement of weight ; but, when we are ex- 


made leſs than it ought, as metals gain weight 
by calcination. Lead gains about 0,12, cop- 


preſent caſe, the quantity of the metals other- 
wiſe known (if they be ſuppoſed in a perfect 
ſtate) ſhews that by the dephlogiſtication the 
weight of the remaining maſs is increaſed by 
12. This correction therefore ſhould not be 
neglected. 

(3) Six hundreds of the 8 3 be- 
ing expoſed to heat in a cloſe apparatus, no e- 
laſtic fluid appeared ; ; alittle ſulphur was ſepa- 

rated, - 


rated, and nearly 6 Ib. of reguline arſenic col- 


lected in the upper part, as alſo about 36 of 
water in a tube fitted for receiving it; viz. to 
the extremity of the alembic tube, turned up- 


wards, was faſtened a wet bladder well emp- 


tied of air by preſſure: Durin the operation 


it was a little inflated, but on cooling collapſed 
again; the water filled the tube; the reguline 


arſenic covered the upper part of the cucurbit 
with a black ſcale. 


(c) As lead is found in this ore (S u. 1.) the | 


75 parts remaining were boiled in marine acid 
ſo long as any thing was diffolved ; to the ſolu- 


tion, filtered, and inſpiſſated by evaporation, 
was added vitriolated volatile alkali; by which: 
a vitriol of lead was partly ſeparated inſtantly, 
and partly by further evaporation. This vitriol 
yielded about 6 Ib. of lead. 


(o) The remaining liquor was Sas to 
dryneſs; and, for the purpoſe of calcining the 


iron, nitrous acid was repeatedly evaporated 
from it, the laſt time even to ignition. Finally, 
it was diſſolved in that acid; but there remain- 


ed 13 of calcined iron, which is equivalent to 
about 9 of the metal. 


(E) A ſolution of We; precipitated by phlo- 


giſticated alkali, yielded a whitiſh: yellow ſedi- 
ment, weighing 223 Ib. which indicate nearly 
45 of metallic zinc (5 v. D.). 


Vor, II. „ 
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(2) The marine acid tiene in (B) was 
reſiſted by 4 parts, which diſſolved with great 
difficulty in microcoſmic ſalt, but more eaſily 
in borax, and in mineral alkali with efferveſ- 
cence. Theſe properties inet a Ra: 
nature, 

(o) Upon a juſt calculation, 8 it ap- 
pears, that the 100 under examination contains 
29 of ſulphur, 1 of regulus of arſenic, 6 of wa- 
ter, 6 of lead, 9 of iron, 45 of zinc, and 4 of 
filiceous earth. There is no doubt but that the 
proportions vary a little in the various ſpeci- 
mens: Beſides, in order to determine all the 
quantities with preciſion, it would be neceſſary 
to know the deficiency of phlogiſton occaſioned 
in metals by their union with ſulphur ; a cir- 
cumſtance which, however, is yet unknown : 
| Somewhat is certainly loſt ; but it ſhould appear 
the. loſs is but mall. 


4 


8 VII. fs if the Brown Peuds Calera of 
. Sahlberg. 


(a) The brown plendo galena of Sahlberg, 
properly roaſted, loſes only o, 13, of which 5 
are water. The ſulphureous odour is leſs per - 
ceptible in this than in the former analyſis. 

(B) Nitrous acid was repeatedly abſtracted 
from the other 87 parts, even to ignition, and, 
1 - afterwards, 


. 1 - » - 
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up was diflolved, 8 
(o) The ſolution, on examination, only 


aſterwards, whatever that menſtruum could take _ 


yielded zinc, which, when precipitated by phlo · 


giſticated alkali, yielded 218 1b. of ſediment, 
and then, by volatile alkali, 3 parts of clay. 
(D) From the remaining 31 parts, which 


reſiſted the nitrous acid, the vitriolic was ab - 


ſtracted to dryneſs; upon which it was elix- 


ated with diſtilled water, and 24 only remain- 


ed, 


(2) The ſolution of (o), e 15 
phlogiſticated alkali, yielded 29 parts of Pruſ 
ſian blue, which nearly correſpond. to 45 f 


iron. 79 5 2 75 
(x) The Pruſſian blue being ſeparated by fil- 
tration, the liquor had an aluminous taſte; and 


this ſalt alſo appears upon cryſtallization, but 


mixed with vitriolated vegetable alkali. 


(a) The 24 parts untouched by the acids, 


were the reliquiae of a quartoſe matrix. 
(un) Therefore 100 of this ore contains about 


# 


17 of ſulphur, 5 of water, 44 of zinc, 5 of iron, 


5 of clay, and 24 of quartz. 


It is probable, that, in this inſtance, the zinc 


i more dephlogiſticated than in the others. 


Hence, from the unknown quantity of the dif- 
| ference, an error ariſes, perhaps of ſome 1 


which as yet cannot be determined. 
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* VIII. MT of as Pheudo Galea f Broal, 
which pole efſes a Naa * Ho 


(a) 1 100 of- the edi — of Boval loſt 
95 roaſting 17 which, by their ſmell, ſeemed 
to be nothing but ſulphur; but diſtillation ſhews 
that a ſmall tran oy water is alſo mixed with 
them. f 

The reſiduum grows black on Seiden 

(2) The 83 parts which remained were wet- 
ted with three times their quantity of concen- 
trated vittiolie acid, and evaporated to dryneſs; 
then all the faline part was ſeparated from the 
White maſs, by boiling in diſtilled water, and 6 
parts remained which eluded the action of the 
menſtruum, which were with difficulty taken 
up by microcoſmic ſalt, more readily by borax, 
but very eaſily, and with efferveſcence, by mi- 
' neral alkali; at the fame time the laſt globules 
were brown: Hence it appears that they con- 
fiſt of a filiceous and martial matter.. 

(o) In this inſtance the colour of the ſolu- 
tion does not betray copper, which yet is ſhewn 
by the microcoſmic falt (F 11.); but the addi- 

tion of iron foon removes all doubt. In order 
to determine the quantity of this metal, 4 poliſh- 
ed plate of iron was boiled in the ſolu on as 
long as any of it continued to be taken up. The 

. . collecbed, waſhed, and dried, 
"weighed 
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weighed 4 Ib. The: 1 
loſt 6 Ib. Fg its fs * 


(v) In the remaining liquor "hlogiſticated 
alkali precipitates: At once à White 356, a blue 


zinc and iron. In Ha to determine the pro- 
portions, this liquor, evaporated to dryneſs, 
was long calcined in the open fire; afterwards, - 


nitrous acid was repeatedly abſtracted to dry-. 


neſs from the maſs, that the iron, ſpoiled of 
phlogiſton, might be rendered inſoluble in Wat. 
acid. Nor was the experiment unſucceſsful ; 
for the zinc alone was taken up, and about 
19 lb. of calcined iron remained, which are 

equivalent to 14 parts of regulus, the weight 
being increaſed o, 36 by calcination. 


(E) The ſolution, containing zinc precipi- | 


tated by phlogiſticated alkali, yields 259 parts 
of white ſediment, waſhed and dried. 9 
(x) 100 of this ore, therefore, contains 52. 
of zinc, 8 of iron, 4 of copper, 26 of ulphur 
and 4 of water, together with 6 of a ſiliceous 
and martial matte. 1 os; 


(o), That the metals exiſt *. in a ſtate 
u e ide, or but little dephlogiſticated, 


eaſily appt, both by the metallic ſplendour, 


and the violence vand redneſs of the vapours 


with which the nitrous acid attacks them; and, 
1 finally, by the union with ſulphur, The ſame 
Bo an”. . e is 
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is nearly true of the ore of Dannemer, which, 


although deſtitute of metallic ſplendour, exhi- 


bits the ſame phaenomena with nitrous acid 
(S 1x. c.); and, beſides, on ſublimation, it ex- 


hibits a reguline arſenic (F vi. B.). But the 
pſeudo galena of Sahlberg ſeems to contain a 
ſmaller portion of phlogiſton. : 

(u) It follows, from the analyſis of pſeudo 
galena, 1. That lime, though it be ſometimes 
preſent, is not neceſſarily required; for the three 
varieties I examined did not ſhew the ſlighteſt 
trace of it, even when the acid of ſugar, its 
niceſt teſt, was employed. It is certain, if the 


fulphur was here united with zinc in the ſtate 


of an earthy hepar, that a ſmall quantity of 


Hme would not ſuffice, and part, at leaſt, of the 
hepar might be elixated by water. 2. That the 


preſence of cobalt and filver is accidental, as 
alſo of lead and arſenic in the Dannemer pſeu- 


do galena, and of copper in that of Boval. 3. 


That zinc, iron, and ſulphur, are always pre- 
ſent; for zinc cannot be united with ſulphur, + 


but by means of iron. When theſe three in- 


gredients are fuſed together, an artificial pſeudo 


28 galena is eaſily made. But it may be gathered 


from the water, that nature has effected the 
union in ome humid way. | 


- 
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6 1x. The Phaenomena of the Hepatic Smell, en- 
cen by Acids JO I Galena. 


When the vitriolic or marine acid is nofired. 
on pſeudo galena, an hepatic odour is exhaled; 
but it may be gathered from what goes before, 
that no alkaline falt nor abſorbent earth is pre- 
| ſent, and therefore no hepar. Hence the cauſe - 
of this phaenomenon may be properly inquired . 
after— The following experiments will ſerve to | 
ſolve the problem. _ 
(a) Six aſſay 100 of black ply "oa 
from Dannemer, well pounded, were put into 
a glaſs, and the bulb of the thermometer was | 
ſet in the midſt of it. 300 of concentrated vi- 
triolic acid being poured. on, a few bubbles a- 
roſe, and a diſtinct hepatic odour was percei- 
ved. In four minutes the mercury aroſe from 
16 to 27; but in nine it began to fink. The 
powder was ſo much indurated, that it was dit- 
ficult to ſeparate the thermometer without breaſt” 3 
ing it. TE 
() The experiment was po with 200 
of ' ſmoking marine acid. A ftrong hepatic 
odour, and a violent efferveſcence, were obſer- 
ved; but the mercury in the thermometer re- 
ar e without motion. | 4 © "+ 
(e) 200 of ſmoking nitrous 2 5 diluted n - 
with an equal quantity of water, Were poured 3 b 
. on 1 
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on the ſame weight of ore, when an intumeſ. 

cence was perceived, and red vapours aroſe, 

without an hepatic ſmell. A heat of 74 took 
place in four minutes. N 


„ e 


8 N Ihe reſiduum, after having been well waſhed 
Ns with hot water, produced no hepatic ſmell,  ei- 
5 ttnher with the vitriolic or marine acids. ö 


(v) The hepatic vapour, extricated with the 
aſſiſtance of heat, by vitriolic acid, out of a 

quintal, and collected in quickſilver, amounted 

to two cubic inches; but the marine acid pro- 
3 duced ſeven from the ſame quantity. The red 
$ fumes ariſing when nitrous acid is employed, 
| were found, on examination, to be nothing but 

what is called nitrous air. 

(z) One half of a quadrant of hepatic air, 
collected in an inverted phial, and mixed with 
an equal portion of nitrous air, becomes gru- 
mous, and depoſits ſulphur; and the mercury 

in the thermometer, ſuſpended in it, roſe to 60. 
(x) Vet all the pſeudo galenæ are not equal- 
3 | ly affected by acids. If marine acids be poured 
1 on the three above examined, that of Danne- 
. ö | mer emits an hepatic air, with many bubbles; 
from that of Boval fewer bubbles riſe; and 
from that of Sahlberg ſcarce any. The 
two firſt yield a very offenſive ſmell, even 
though kept in corked bottles for a number 
of years: The laſt has but a faint ſmell, which 
continues my for a few. minutes: The others, 


1 


boiled 
- 
— 
— = — | ————— — 2 — 
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boiled with acids, ſcarce extricate any hepatic 


odour. | | 


(o) 25 cwt. of reli ork RECHARGE from 
Hungary, treated in the ſame way as the pſeu- 


do galena, occaſioned, with vitriolic acid, a de- 


gree of heat = 6 5: but no Hopi! anon Was 


perceived. 
(a) The 1256 ſtone . beat "ith 1 | 
trous and marine acid, but wine any hepa- 


tic ſmell. | | 
(1) Flowers of Zinc occaſion, with acids, 


heat, but no ſmell. 
(x 


JM? Explanation of the Hepatic Odour. 


From the phaenomena above mentioned, the 


origin of the hepatic odour is eaſily ſeen both 
| analytically and ſynthetically.” We ſhall firſt 


examine it analytically. | 
| (A) That ſulphur enters the compoſition can- 


not be doubted, as it is actually found precipi- 


tated (S Ix. E.): But we are to inquire the 
cauſe which, in this inſtance, dilates the ſulphur 
which had been ſo ſubtilely Ae into an 
aeriform elaſtic fluid. 

(B) That heat exiſts fixed in hepatic air, 
and is ſet at liberty by the deſtruction of that 


air, evidently appears from the aſcent of the 


mercury ($ 1x. E.). The opinion that the heat 
of bodies conſiſts in a certain inteſtine motion 
| » | of 


* 
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of their parts, is at preſent held to be total. 
ly improbable. Many circumſtances tend to 
prove, that heat is to be attributed to a mat- 
ter diſtin from all others, which, when dif- 


engaged, occaſions ſenſible heat in proportion 


to its quantity; but, ſo long as it conſtitutes 
a primary principle of bodies, its power of 
heating is reprefled, (in the fame way as the 
properties of an acid ſaturated with alkaline 
ſalt) which power, 9 recovers, 
when by any means ſet at liberty; hence, in cer- 
tain ſolutions, heat is generated; namely, when 
that principle, which had been united with 
one of the ingredients, is expelled by a ſtrong- 


er attraction: In others, cold is produced, 


0 


occaſioned by the heat entering into the new 


compound. Since, therefore, on precipitation 
vf ſulphur from hepatic air, heat is generated, 


we may conclude, that the matter of heat had 
been before fixed. This concluſion will be 
further confirmed hereafter (E.). 

(e) It appears plainly, that the phlogiſton 
in hepatic air forms the bond of union be- 
tween the matter of heat and the ſulphur; 
for that air cannot be decompoſed, except 
by ſubſtances which are extremely greedy of 
phlogiſton. Concentrated nitrous acid poſ- 
ſeſſes this power, even in water loaded with 


hepatic air; nay, nitrous air, although ſo much 


loaded wh phlogiſton that its acid properties 
| are 
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are concealed, produces the ſame effect C IX. 
k.). We ſee, therefore, that, upon the ab- 
ſtraction of phlogiſton, the whole compoſition 
is deſtroyed, ſo that it may juſtly be conſidered 
the bond of union. Sulphur, by means of 
heat alone, diffuſes no hepatic ſmell. : 

All this is completely eſtabliſhed by a right 
conſideration of the principles of the pſeudo 
galena, and its different habits with reſpect to 
acids, We now proceed to examine this ab 
jest ſnthetically. 

The conſtituent parts of Ae air / belag 5 
thus diſcovered by analyſis, let us now examine 
ſynthetically, whether theſe are to be found in 
the pſeudo galena. 

(D) Of ſulphur we can have no hoe as 
even the quantity of that has been 5 8 6 de- : 
termined (F vi.—vit.). 

(E) The preſence of the matter of heat is 
equally certain; for the pſeudo galena, with 
nitrous acid, excites a conſiderable degree of 
heat ($ 1x. c.); and the vitriolic acid gene - 
rates with it a degree of heat, though leſs. 
Thus we ſee the matter of heat more or leſs ſet 
at liberty. 

(Fr) Beſides the phlogiſton of the ſulphur, 
no ſmall portion of that principle adheres to 
oy metals, as has 3 been e h ($ VIE 
© 
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All the alncipless 3 bebe 3 
ed by analyſis, are preſent (a.—c.). 


() It may now be queſtioned, "hoe 


: theſe principles are ſo united in the pſeudo 
galena, as actually to conſtitute hepatic air, 


which, like the aerial acid in chalk, lies hid; 
or whether it be on the addition of the proper 


fluid. 

(a) In a to a this queſtion, the 
pſeudo galena was ſubjected, by itſelf, to di- 
ſtillation; and the vapour extricated was col- 
lected in a pneumatic apparatus: But, on ex- 
amination, nothing was obtained but a ſmall 
portion of water, and nothing at all aerial: 
Beſides, all the different acids would expel 


the ſame quantity, if the hepatic air lay hid, 


like the fixed air in chalk ; but we have ſeen, 


that, from 1 cwt, none was obtained by ni- 


trous acid, two cubic inches by the vitriolic, 
and ſeven by marine acid ($ 1x. b.); the elaſ- 
tic fluid, therefore, does not * in a per- 


feet ſtate. A 


(3) It is generated, 8 during the 
ſolution: For the addition of the acid, by 


looſening the texture of the maſs, ſets the heat 


at liberty, together with the phlogiſton of the 


zinc and iron; for no meta] is taken up by 


acids, until it is dephlogiſticated to à certain 
FREIE: The firſt effect, SR" 7 of acids 
upon 


acid that they firſt ee. and form an elaſtic - 


+ % 


* 


or THE ORES Or ZING. 34 


upon metals, is to deprive them of that por- 


tion of their phlogiſton which prevents their 
Shitlon; and * ny OR = n To» 
luble. Io " 


Theſe two principles, heat and -hlogiſton, 
vil ſet. at liberty, ſeize the ſulphur which 


they meet with, combine with it, and form an 
_ elaſtic fluid; but, as the nitrous acid attracts 
and retains phlogiſton with more force than 
the reſt, with it a great heat is generated; but 


no Hepatic air can be formed, for the principle 


which ſhould connect the other two is wanting. 
The vitriolic acid, indeed, attracts phlogiſton 
leſs powerfully than the nitrous, but does not 
yield up all that it ſets at liberty to the gene- 


ration of hepatic air; and this air is conſe» 


' quently produced only in ſmall quantity, in- 
deed fo ſmall; that ſome heat remains at liber- 


ty : But the marine acid, being naturally load- 
ed with phlogiſton, does not attract any more; 
therefore, the whole of the heat may very@ali- 
ly be fixed by the phlogiſton extricated by this 
acid from the metals; hence, with this acid, 
there is no heat generated, but a conſiderable 


quantity of hepatic air. The calcined pſeudo 


galena retains, indeed, the matter of heat, but 


. loſes the phlogiſton and the ſulphur in the 
fire; therefore, no veſtiges of hepatic air can 
ariſe here, as Wick the lapis N Q IX... 
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All theſe circumſtances agree ſo perfectly, 
that no doubt can remain of the truth of the 
explanation; yet pſeudo galena is not to be 

_ conſidered as the only body in nature which 
can produce an hepatic air and. odour on the 
addition of acids: It is enough to mention 
galena, which occaſionally exhibits the ſame 
phaenomena ; for the marine acid acts moſt 
efficaciouſly, but the nitrous ſhews not the leaſt 
veſtiges of any thing hepatic; and, in this caſe, 
the vitriolic acid has little effect, as it hardly 
attacks lead when in a metallic ſtate. It is al- 
ſo worthy of obſervation, that native Siberian 
iron, with marine acid, diffuſed a diſtinctly he- 
patic ſmell; but the examination of this would 

e a ſeparate treatiſe, \ 


| $ XI. 22 Quality of the Les Galena. 


Some varieties of pſeudo calena, upon fric- 
tion, ſhine in the dark ; and, among thoſe, 
the moſt remarkable is that which 1s found at 
Scharfenberg, in Miſnia. This, when rubbed 
with glaſs, a bone, iron, or any hard ſubſtance, 
emits a foetid ſmell, and, at the point of con- 
tact, ſends forth a flame of a gold colour; and 
this happens in water, nay, even in acids; and 
it retains this property even after a violent white 
heat. Some inſiſt that this light is electric; 
but the electrie flaſh is of a very different kind, 

being 


— 
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being entirely extinguiſhed by water, whereas 


this is made rather more ſplendid. Latent light . 


is not the cauſe; for in ſolution no een is 
occaſioned. 


Suppoſing that light be nothing but Ae 
ter of heat, with a determined ſuperabundance 


of phlogiſton, theſe principles are not deficient 


in the pſeudo galena; for we have already ſeen, 
that the matter of heat is really preſent (5 x. 


B. E.), and, at the ſame time, phlogiſton (S Xx. 


C. F.). The firſt, therefore, excited and ſet at 


liberty by friction, may eaſily ROT the nn 
and produce light. | 


Many varieties do not ſhine at all, ſome 


ſcarcely, and a few very remarkably; this is 


undoubtedly owing either to the proportion of 
the principles, or their cloſeneſs of connection; 


which laſt opinion is confirmed, by obſerving 
that thoſe which poſſeſs the phoſphoric quality 


in the moſt eminent degree, reſiſt the three 


mineral acids; ſo that either no hepatic odour 


or heat ariſes, or at leaſt much weaker 'than in 
the others, which indicates. a firmer texture; 


yet all that reſiſt the acids are not found to be 


phoſphoric. This difficulty is ſolved by the 
analyſis of the pſeudo galena of Scharfenberg, 


the ſcarcity of which has as yet prevented the 


experiment from being ſuſkciently varied. The 
powder, expoſed alone to fire in a cloſe veſſel, 


yields a ſiliceous ſublimate, ſimilar to that pro- 


duced 
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duced. by mineral fluor and vitriolic acid. The 
fluor acid is therefore preſent, but probably 
united in ſuch a manner to the metallic baſe, 


that it cannot, by fire alone, be expelled, and 
generate with water a ſiliceous earth. _ 

Marine acid, by boiling, diſolves . when 
well powdered, almoſt entirely, and produces 
an hepatic ſmell ; for, excluſive of the ſulphur, 
ſcarce more than o, oi remains, which, -exami- 
ned by the blow-pipe, appears to be ſiliceous. 
In 100 the zinc forms nearly 64, iron 5, ſul- 


phur 20, water 6, fluor acid 4, and ſiliceous 


earth 1; — nothing calcareous is found. 


This pſeudo galena is lamellated, yellow, 
and ſemipellucid; but, ſituated in à certain 
way, with reſpect to the eye, it appears opaque, 
ſomewhat reſembling a metal, like moſt of the 
others. The various proportions ſeem to indi- 


cate, that, in this inſtance, the metals preſent 


are not fully calcined, Fuſed with microcoſ- 
mic ſalt by the blow-pipe, it throws. out a few 


| Hlaſhes, almoſt like that of Sahlberg, which was 


mentioned among the Swediſh pſeudo galenz 
(S u.), a phaenomenon which can hardly be 
produced with calcined zinc. With nitrous 


acid it produces certain vapours. It is indeed 
true, that it excites a very ſmall detonation 
for the\firſt parcel thrown into nitre, well fuſed, 


occaſions nothing but an efferveſcence; and it 
is not wand the fourth or fifth addition that 


e 


- 
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ſparks are produced, and even theſe are few. 
The Swediſh pſeudo galenæ, firſt examined, Ry 1 
detonate on the third or fourth addition. This EPR, _ 
difficulty of detonation rather points out te W 
cloſeneſs of connection in the inflammable prin- 
ciple, than a deficiency of it; for, on the fame ' 
ground, we might diſpute the preſence of ſul- 
phur, which yet is moſt certainly preſent, : 


Vol. II. 


2 DISSER- 


METALLIC PRECIPI- 
LATED. | 


$ 1. Den of the Work. 
* 

HE man who firſt ſaw a metal corroded 

by a limpid menſtruum, in ſuch a man- 
ner that a body ſo extremely ponderous, and ſo 
opaque, ſhould gradually and entirely diſappear, 
and afterwards, upon the addition of a ſuitable 
precipitant to a liquor which appeared to be 
ſimple and homogenous, ſaw that metal ſepa- 
rate, and again come into view;—the man, I 
fay, who firſt ſaw this, muſt have been ſtruck 
with aſtoniſhment and admiration. Perſons 
accuſtomed to theſe wonderful phaenomena ne- 
glect, perhaps, too m__ the accurate inveſti. 
gation 


* 
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gation of them, though theſe operations are of 
the higheſt importance, and form as it were the 
whole of the effective part of chemiſtry. The 
phaenomena of this kind are ſo various and ſo 
intricate, that a ſingle volume would be utterly. 
inſufficient for examining them all : We ſhall 
here, therefore, only examine ſuch as relate to 
the ſeparation of metals from acids, particularly 
with regard to the weight of the precipitate. 
Weighing i is, no doubt, a mechanical operation, 
but yet is of ſingular ſervice, not only in in- 
veſtigating the properties of bodies, but in di- 
recting thoſe properties to their proper uſes. 
All effects are exactly proportioned to their 


be examined by accurate trials, theory (of con- 
ſequence the whole of natural philoſophy) muſt 
be lame and imperfecrtr. | 

That we may the better n che na- 
ture of precipitations, we ſhall briefly examine 
the phaenomena of metallic ſolutions in ge- 
neral. 


_ cauſes; therefore, unleſs their mutual relations? 


$ 11. Enamination of Metallic Solutions. 


A ſmall piece of a metal being put into an 
acid, is taken up flowly or quickly, with vio- 
lence or gently, according to the various nature 
of the mietal and the menſtruum, 

2 2 0 A8 
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(A) As to menſtrua, when unaſſiſted by heat, 
the nitrous acid is found the moſt powerful, fo 
much ſo as ſometimes to exceed the bounds re- 
quired ; and the metal diſſolved is again ſepa- 
rated, unleſs the violence of this acid be pro- 
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perly tempered : Yet ſometimes the nitrous acid 
alone has no effect, as is the caſe with gold and 


platina; but, when the nitrous is united with 
the marine acid, the ſolution is readily effected. 

The vitriolic acid, though very highly con- 
centrated, yet acts more weakly. It does not 


attack mercury or ſilver, unleſs when boiling > 


and gold. and platina elude its force, even 
though! boiled to dryneſs. 
Marine acid acts ſtill more weakly, unleſs it 


be dephlogiſticated (a); in which fate it diſ- 
folves all metals completely. 


The other acids, as the fluor acid, the acids 


of arſenic and borax, and all thoſe obtained 
from the organized kingdom, are, in general, 
inferior in ſolvent virtue to the preceding. 

(3) With reſpect to the metals, ſome are 
very eaſily diffolved, others not without great 


difficulty, and that in the ſame menſtruum. 
Zinc and iron are readily diffolved in every acid; 


filver eludes the marine, and gold even the ni- 


trous acid. Vet theſe metals, which in their 
natural ſtate obſtinately reſiſt ſolution, may be 


made ſoluble by depriving them of a proper 
| . proportion 
Z © Nov. Ad. vfl. vol. ii. 
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proportion of their inflammable principle. 1 


expreſsly mention a proper proportion; for ex- 


perience ſhews, that iron, and particularly tin, 
are made refractory by too much dephlogiſtica- 
tion; but nothing more plainly ſhews the li- 
mits of this proceſs than manganeſe, which, 
when calcined to blackneſs, cannot be diſſolved 
without the addition of ſome inflammable mat- 
ter, but, when reduced to CY diffolves 
in all acids (6). 


(e) If we conſider the manner of the folu- 


tion with accuracy, we ſhall find, that the dimi« 
nution of complete metals, even to the laſt viſi- 
ble particle, is accompanied by an efferveſcence ; 


that is, innumerable air-bubbles continually riſe 
from the ſurface of the metals, and float to the 
ſurface of the ſurrounding liquor. Theſe are 


the more frequent, in proportion to the quick- 


neſs of the ſolution, and are very few, and | 


ſcarcely viſible, when it proceeds very ſlowly. 

The elaſtic fluid, which is thus extricated 
from metals by nitrous acid, if collected by a 
proper apparatus, and examined, is found to be 
nothing more than what 1s. commonly called 


nitrous air; but, when the menſtruum is con- 


centrated, it abſorbs a confiderable quantity of 
this air. By means of vitriolic acid, inflam- 
Evie" air is obtained from zinc and iron, as 


„„ 


(s) See the Treatiſe on the white Ores of Iron. 
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alſo by means of marine acid; but, from the 
other metals diſſolved in vitriolic acid, we ob» 
tain another ſpecies of air, called witriolic acid 
air; and, by the marine acid, another ſimilar 
to the former, called muriatic air, but both 
more or leſs mixed with inflammable air. | 
(p) Frequently, during the ſolution of a me. 
tal, heat is generated in the liquor, the intenſi- + 
ty of which follows the compound ratio of the 
bulk of the maſs, and the quickneſs of ſolu- 
. tion; therefore, when the maſs is very ſmall, 
and the ſolution proceeds very ſlowly, the tem- 
_ perature ſcarcely ſuffers any alteration. | 
(Ez) The calxes of metals, during ſolution, _ 
either give out no air at all, or elſe the aerial 
acid; unleſs when, after being evaporated to 
dryneſs, they are urged by a violent heat almoſt 
to ignition ; for in this ſtate, by means of vitri- 
olic or nitrous acid, they give out a portion of 
pure air, which cannot be got by means of ma- 
rine acid. According to circumſtances, a vi- 
triolic or nitrous air is alſo ſometimes produ- 
ced, and even that ſpecies which is commonly 
called phlogiſticated air. 

() Various metals, when diſſolved, impart 
certain determined colours to their menſtrua; 
ſuch are gold, platina, copper, iron, tin, nickel, 
and cobalt: The reſt, if properly depurated, 
yield no tinge. A ſolution of ſilver, at firſt, is 
ſometimes of a blue or green. colour, although 
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there be no copper preſent. The vitriolic acid 
grows blue with copper; the nitrous may be 
made either blue or green at pleaſure; the 
marine varies according to the quantity of wa- 
ter with which it is diluted. Manganeſe, when 


too much dephlogiſticated, renders both the 
vitriolic and marine acids purple. 


$2 UI. E eplanatio of- 8 above — Phac- 
nomena. 


At preſent, no one can reaſonably doubt that 
ſolution is the effect of attraction; we may 
therefore lay that down as a fundamental pro- 
poſition, and proceed to illuſtrate (in the beſt 
way we are able) the more remarkable circum- 
ſtances of the operation, conſidering it not in a 
general view, but merely as it regards metals. 
Upon attentive conſideration, it readily ap- 
pears, that na metal can be taken up by an acid, 
and, at the ſame time, preſerve the whole quantity 
&« of phlogiſton which was neceſſary to it in-its me- 
&« zallic tate.” A certain proportion, therefore, 
of the principle of inflammability may be conſi- 
dered as an. obſtacle, which muſt be remoyed- 
before ſolution can take place. Let us ſee now 
how this doctrine will apply to the more remark. 
able phaenomena ſeparately conſidered... 
(4) Of all the acids the nitrous attracts phlo- 
ien the moſt powerfully, and ſeparates even 
; 3 „ from 
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fred de en add; I dns Be doubled: let 


ſulphur be ſlowly boiled in concentrated nitrous 


acid, at length all its phlogiſton will be found 


. ſeparated, and the vitriolic acid will remain de- 


prived of its principle of inflammability. The 


a extraordinary ſolvent power of this acid, there- 
fore, is conformable to the peculiarity of its na- 
ture in this reſpect; for this menſtruum adapts 


metals for ſolution with the greateſt eaſe, moſt 
commonly without any aſſiſtance from external 
heat, which, in ſome inſtances, would be hurt- 
ful, by ſeparating too much of the phlogiſton. 
This laſt caſe is ſufficiently illuſtrated by iron, 


tin, and antimony, all which may be ſo far de- 


prived of phlogiſton as to be very difficultly ſo- 
luble in acids; it is therefore not unfrequently 
neceſſary to temper the i of this men- 
ſtruum by water. _ 

The vitriolic acid does not a& upon filver or 
mercury, unleſs when boiling ; for, by means 
of the heat, the watery part of the acid is di-- 
miniſhed, its - power is thereby increaſed, and 
the connection of the inflammable principle with 


the metallic earth is diminiſhed. 


Marine acid, which contains phlogiſton as 
one of its proximate principles, muſt neceſſarily 
have but little or no effect on thoſe metals 
which retain their principle of inflammability 
very obſtinately; but, when boiling, its watery 
part is diminiſhed, and it aſſumes the form of 

1 f an 
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an aerial elaſtic fluid, zu Win e Is ponies 
fully attracts a larger proportion of phlogiſton 


than before; but, when dephlogiſticated, it at- 
tracts phlogiſton with prodigious avidity, readi- 


ly attacting all metals, and rendering them ö. 
luble by the abſtraction of their phlogiſton, 


which it unites to itſelf, and reſumes the ordi- 
nary form of marine acid. 'This acid, when de- 


phlogiſticated in aqua regis by means of the ni- 


trous aeid, diſſolves gold and platina. 
Upon this principle we can eaſily account for 
the inferiority of power in the other acids. 


() As to the metals, they retain their phlo- 


giſton with very unequal degrees of force: A 


few of them, which are called the perfect me. 


tals, effectually reſiſt calcination in the via ſic- 


ca. In this operation, on the one hand, the 
fire, which wonderfully increaſes the volatility 
of bodies, ſtrenuouſly endeavours to expel the 
phlogiſton, which certainly is the lighteſt of all 
material ſubſtances ; on the other, the portion 


of pure air which occurs in the ſurrounding at- 


moſphere, attracts the phlogiſton ſtrongly. Ex- 


perience, however, ſhews, that theſe two forces 
united cannot decompoſe gold, platina, or fil 
ver, to any conſiderable degree : All the other 
metals yield to theſe forces when united, but 
not ſingly. Iron and zinc retain their inflam- 


mable principle ſo ſlightly, that any acid imme- 
hes acts upon them but if, by ary calcina- 


| tion, 
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tion, metals be properly prepared, the menſtrua 
will immediately take them up; nor is there 
need of any further privation, which, on the 
"contrary, would be injurious, and precipitate 
what was before diſſolved. For example, let 
us recollect the effect of the nitrous acid: This, 


added to ſolution of tin or antimony in marine - 


acid, by its extraordinary violence, carries off 
ſo much phlogiſton, that the calxes, being too 
much 1 of that principle, are i 


tated. 


(c) We are now come to the — difficult 


point of all, I mean the production of the vari- 
ous elaſtic fluids which reſemble air. The com- 
plete diſcuſſion of this ſubject does not properly 
belong to this place; but as ſome. circum- 


ſtances, hereafter to be mentioned, cannot pro- 


perly be underſtood without a knowledge of the 
fundamental principles of this phaenomenon, I 
think it neceſſary to give a brief relation of what 
I have been able to learn on this head, from my 
own experiments, and thoſe of others ; ſome of 
which I apprehend to be certain, and paſt, con- 
troverſy; others (as yet only plauſible) to be 
confirmed. corrected, or rejected by new expe· 
riments. 


— 


A great variety of different nn fluids | 
have been obſerved; of theſe, eight only are 


certainly known with reſpect to their compoſi- 
tion; theſe are the . extricated by the vi- 
triolic, 
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triolic, nitrous, and matine acids, fluor acid, 
vinegar, alkaline ſalts, and hepar ſulphuris. 
Pure vitriolic acid, expoſed to a violent heat, 
is indeed reſolved into vapours, but vapours of 
ſuch a nature, that, when the heat is gone, they 
condenſe again into an acid liquor, of the ſame 
nature as before; but, if any ſubſtance be add- 
ed which is loaded with phlogiſton in a ſeparable 

ſtate, by means of fire an elaſtic vapour is pro- 
duced, which is not condenſable by the moſt 
extreme cold, provided it does not come in con- 


tact with water. This is the vitriolic acid air, 


which may be totally abſorbed by water; in 
which caſe the bond of union between it and 
the phlogiſton is ſo weakened, that this laſt gra- 
dually flies off, and at length common vitriolic 
acid is regenerated. We ſee, therefore, that 
this acid, by means of a ſufficient quantity of 


phlogiſton, may be rande into an Halti 
fluid. | 


The nitrous acid undergoes A amilar and 
more perfect change, in a manner ſtill more 
obvious: Let a ſmall. piece of ſilver (for ex- 
ample) be put into nitrous acid, and inſtantly 
innumerable bubbles ariſe, and float to the ſur- 
face: Theſe collected produce the nitrous air. 
The bubbles upon the ſurface of the metal, 
where the acid particles are ſufficiently loaded 
with phlogiſton, aſſume an elaſtic and highly 
gilated form; ſo that NE riſe by their ſpecific 
lexity, 
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levity, and chace one another from the ddl 
points of the metal. The nitrous acid ſaturates 
itſelf with phlogiſton more greedily than the 
vitriolie; and therefore the elaſtic fluid does 
not unite with water, and retains ſcarcely any 
veſtige of an acid nature. Synthetical obſer. 
vations agree perfectly with analyſis ;' for, up- 
on the acceſs of pure air, which poſſeſſes a ſtill 
greater attraction for phlogiſton, the acid yield- 
ing it up, immediately reaſſumes its original 
form and properties; but the nitrous air dif. 
fers ſomewhat from the vitriolic alſo in this re- 
ſpe&, that the phlogiſton is not only abſorbed, 


fo far as to obliterate the acid nature, but even 


beyond that point. This I am convinced of by 
many experiments, one of which will be ſuffi. 
cient, namely, the decompoſition ( c) of a 
air by means of nitrous air. 

The marine acid exhibits different lee. 
mena : This acid contains phlogifton, and, .by 
its means, can be reſolved into an elaſtic fluid, 
called muriatic air, which is permanent fo long 
as it is kept from the contact of water; but, 
Uke the vitriolic, upon the acceſs of water it re- 
aſſumes the form of marine acid. As this acid 
naturally contains phlogiſton, there is no ne- 
ceflity for an addition: In the mean time, this, 
in the fame manner as nitrous air, when in its 
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expanded ſtate, attracts a ſtill larger proportion 
of phlogiſton, and that with wonderful avidity, 
When the natural quantity of phlogiſton is 
_ diminiſhed, the marine acid yields another ela- 
ſtic fluid of a reddiſh brown colour, poſſeſſing 


the peculiar odour of warm aqua regia. This 


does not unite with water, or but in an exceed- 
ing ſmall quantity; and, upon the addition of 
a due quantity of phlogiſton, may be again re- 
duced to marine acid, The experiments made 
on the black calx of manganeſe, and on white 
arſenic (d), which I have often repeated, and 
carefully weighed, I conſider as indubitable 
evidences of this connection. Whether the ma- 
Tine acid can by any other than theſe two me- 
thods be dephlogiſticated, I am as yet ignorant. 
The fluor acid abounds with phlogiſton, and 
therefore may, without any adventitious matter, 
be reduced to an elaſtic fluid. This air is eaſi- 
ly diſtinguiſhed from all others, 25 when hot, 
it corrodes glaſs. 
Vinegar alſo naturally contains phlogiſton; . 
and, for that reaſon, when well dephlegmated, 
can produce an elaſtic vapour, which is called 
acetous air. 
All theſe elaſtic fluids ſeem to be nothing 
more than the acids themſelves, expanded” by 
phlogiſton. Perhaps the matter of heat alſo 
enters into their compoſition, _ | 5 
(4) Nov. AR. Upſal. vol. ii. 2 
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4 This is alſo the al with ale volatile al 
kali, which yields the alkaline air. 

Finally, among thoſe elaſtic fluids, the com- 
poſition of which we are acquainted with, we 
may place the hepatic air, in which we have de- 
monſtrated ſulphur (e) united with the matter 

of heat, by the intervention of phlogiſton, 
Ihe origin of the other elaſtic fluids is as yet 
fo involved in darkneſs, that we can ſcarcely 
eſtabliſh any thing certain with regard to them: 
Theſe are of four kinds; and, in conformity 
with the received opinion concerning their pro- 
perties, are called fixed air, phlogiſticated air, wy ? 
phlogi/ticated air, and inflammable . 

Of the firſt, I think it is evidently W 
ſtrated to be of a peculiar nature, and always 
acid. Dr Prieſtley conſiders it only as a modi- 
fication of nitrous acid; nay, he urges that the 

g 05 vitriolic and nitrous acids are no more than va- 
10 rieties of the ſame ſubſtance. This point I will 
5 not abſolutely deny; but the foundation on 
which theſe aſſertions reſt, ſeems to me to be 
very inſufficient. Thus, in the preparation of 
aether by vitriolic or nitrous acid, he obtained 
a conſiderable quantity of fixed air, which he 
affirms to have been generated during the ope- - 
ration; but we mult obſerve, that a large pro- 
16 . portion of ſpirit of wine enters into this pre- 
1 1 805 a paration. 
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paration. Now, we find that fixed air abounds 
almoſt every where throughout all organized 
bodies; why then ſhould ſpirit. of wine, which 
owes its origin to vegetables, be ſuppoſed en- 
tirely void of it? As this is very volatile, it is 
only in a cloſe veſſel that it remains entire, and 
eludes the force of fire; but, when hot, it gives 
off the fixed air: Beſides, by the addition of the 
| ſtronger acid, its texture is broken, and the ſub- 
tile acid, which before was latent, now breaks 
forth. Add to this, that, whether vitriolic, ni- 

trous, or marine acid, or even vinegar, be uſed 


in the preparation of aether, aerial acid is pro- 
duced. Either, then, the aerial acid is com- 


mon to all the acids, (which is by no means 
confirmed), or it is derived from the decompo- 
ſition of the ſpirit of wine; otherwiſe I acknow- 
ledge; that the conjecture of fixed air origina- 
ting from nitrous acid, does not appear impro- 
bable ; of which we ſhall ſay more hereafter. 
That ſpecies of air which is indiſpenſably ne- 
ceſſary for the ſupport of flame, and for animal 
reſpiration, is generally called dephlogi/ticated. 
This air, united with a certain quantity of phlo- 


giſton, conſtitutes the matter of heat, as Mr 
Scheele has demonſtrated by a long train of 


experiments, the chief of which I have repeated 
with the ſame ſucceſs. Setting this down as a 


principle, let us ſee what alterations ſuch air is 
liable to. The pureſt air of this kind which 
| EY e 
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can be got, cannot be rendered unfit. for the 


- ſupport of inflammation or reſpiration, either 
by flame, by nitrous air, by electrical ſparks, or 
any other of thoſe operations by which we cer- 


tainly know phlogiſton to be ſet at liberty; yet 


1 it contracts in dimenſion, and is at length en- 


tirely conſumed, and that in ſuch a manner, 
that, united with the phlogiſton, it forms the 


matter of heat, and, being utterly incoercible, 


pervades all manner of veſſels, A very elegant 
appearance may be produced by this air ; for, 


if a piece of wood, or a candle newly extin- 
guiſhed, be put into a bottle containing it, pro- 
vided the ſmalleſt particle remains ignited, a 


flame is inſtantly kindled with a bright coruſ- 


cation, and as it were exploſion, This flame is 
diffuſe and decrepitates, and the eye can ſcarce- 


ly bear its ſplendour. When this experiment 
is performed in an inverted veſſel, the orifice of 
which 1s kept beneath mercury, it is evidently 
feen, that almoſt the whole of the air diſap- 
pears z the remainder amounts to +, Ps, nay, 


ſometimes ſcarcely forms 0,01 of the original 
'bulk ; and this refiduum conſiſts partly of aeri- 
al acid, and partly of air unfit for ſuſtaining 


flame, or being ſubſervient to-reſpiration, which 


had been originally mixed with the pure air. 


The ſame thing takes place on the admixture 


| of dephlogiſticated and nitrous air; ſometimes 
ſcarcely any remains, ſometimes 2 of the bulk, 


| but, 
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but, in general, much more. The variations: 


in the quantity of the reſiduum are ſufficient to 


ſhew the different degrees of dephlogiſtication, 
or (which is the ſame) the different degrees of 


purity of the airs This purity may be account- 
ed for in three different ways; for, either all 
its particles may be of the ſame nature with the 
whole, or a certain number of exceeding pure 
particles may be mixed with a determined quan- 
tity of ſuch as are very impure ; or, finally, the 


different particles, being each endowed with 


their own peculiar degree of goodneſs, compoſe 


a maſs of an intermediate nature. Each of 


theſe caſes may occaſionally take place; but, in 


my apprehenſion, the laſt ſeems to be more con- 


formable to the uſual order of nature. With 


reſpect to the explanation of the phaenomena, 


they all apply equally ; but, as the ſecond ap- 
pears to be the moſt ſimple, I chooſe that. Let 


us now ſuppoſe the perfect nitrous air (which, 


upon the loſs of phlogiſton, is all reſolved into 
nitrous acid) mixed to the point of ſaturation 
with dephlogiſticated air, then all the elaſtic 
fluid, which had been confined by the glaſs, dif. 
appears, by generating heat, and penetrating the 
veſſel. This takes place if the dephlogiſticated 
air be perfectly pure; if not, the reſiduum will 
determine the degree of its impurity. Upon 
this principle, the beſt common aerial air is ſaid 
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to contain of dephlogiſticaed air + and the 
. 
It is probable that good may be converted 


into noxious air; this muſt be owing either to 


the abſtraction of ſomething from the maſs, or 
the addition of ſome heterogeneous matter to it. 
The ableſt philoſophers have, by unanimous 


conſent, determined the latter to be the caſe, 
and conſider phlogiſton as the cauſe of this cor- 
ruption. However, let us for a minute wave 


theſe opinions, how reſpectable ſoever, and can- 
didly inquire into the truth of the fact, at the 
ſame time begging pardon for the boldneſs of 
our attempt. 

Let us examine thoſe proceſſes by which 


phlogiſtication is performed: Let us ſuppoſe a a 


lighted candle ſet cautiouſly in air of abſolute 
goodneſs, we ſhall ſee an exceeding vivid flame, 
and the candle will be conſumed with extraor- 


dinary ſwiftneſs, until a ſmall portion of air re- 


mains, which exhibits the properties of aerial 
acid, proceeding doubtleſs from the tallow, in- 
to the compoſition of which that acid enters in 


great quantity, The phlogiſton, being ſet at 


liberty by the combuſtion, is ſeized by the pure 
air, 1s converted into heat, and penetrates the 
veſſels ; and hence the diminution of bulk which 
is obſerved. If, at firſt, there had been more 
or leſs of air unfit for ſuſtaining flame, that air 
will be in the end left behind entirely unchan- 

ged, 
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ged, together with the aerial acid; but; in this 
caſe, the diminution of bulk will be leſss. 


We have already explained the mode of ago £ 


ration of the nitrous air. 


Let a mixture of tin, lead, aa biſmuth, which | 


melts by the heat of boiling water, be fuſed in 
a cloſe glaſs veſſel, the air which is included 
will be diminiſhed in proportion to its: good- 
neſs; and if this be abſolutely pure, a propor- 


— 
* 


tional quantity of the metal will be entirely cal- 


eined, and the whole of the elaſtic Rudd will 
' diſappear. © +» ; 

Electrical ſparks are dal FEES which in- 
43 the extrication of phlogiſton, and, at the 
ſame time, generate heat. 0 

All theſe phaenomena concur in Pars that 
pure air acquires, by phlogiſtication, ſo great 
a degree of ſubtlety, that it cannot be confined 
in glaſs veſſels, nor be any longer inſpired ; 


but no noxious air is produced. Now, if a fi. ' 
milar phlogiſtication took place on' reſpiration, 


a ſimilar diminution of bulk would alſo be ob- 


ſerved, which is contrary to experiments the 


moſt accurate. Mice, when included in air 
confined by mercury, and ſuffered to die there, 


do not occaſion, in general, a diminution of air 


equal to , a loſs which is doubtleſs owing to 
the ſmall portion of air expelled by the heat of 


the animal at its firſt introduction. A very 
different operation ſeems therefore to be per- 


Aa 2 formed 
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Gawd i in the 1880 of reſpiration, from that 
which is carried on during deflagration; per- 
haps the air rather conveys phlogiſton to the 
lungs than takes it away. From whence does 
a pine, growing in the dryeſt ſand, receive its 
oily matter, is it not from the air ? Such ani- 
mals as, by manducation, mix a large quantity 
of air with their food, are obſerved to grow fat 
in an extraordinary degree. But we ſhall wave 
thoſe arguments drawn from analogy, and pro- 
ceed to ſuch as are more direct: — The air in 
which flame is extinguiſhed, can be breathed 
almoſt as long as aerial air; nevertheleſs, du-. 
ring deflagration, pblogiſton i is copiouſly evol- 
ved, and by it the pure air is fitted for eſca- 
ping through the veſſels, but is not vitiated, 
which it always is by reſpiration. Freſh blood, 
when agitated in pure air, does not diminiſh its 
bulk, but renders it unfit for ſupporting flame. 
But, if the diſcharge of phlogiſton from the 
lungs was ſo indiſpenſibly neceſſary as the mo- 
derns afſert, undoubtedly inflammable air would 
be the moſt noxious of all; nevertheleſs, the 
celebrated Mr Scheele had courage to make 
the experiment, and to inſpire air, extricated 
from iron by vitriolic acid, no leſs than 30 ſuc- 
ceſlive times. After this, its bulk was found 
the ſame as before; and its inflammability not 
only deſtroyed, but its nature ſo changed, that 
e flame. I have myſelf repeated 
this 


Sh ,-4.4 


this remarkable experiment with the ſame ſuc- 
ceſs, except that I was not able to 8 above 
twenty times. 5 

Hence it appears, at leaſt, that ala e 
may be abſorbed by the lungs without any con- 
ſiderable danger. I acknowledge, that ſmall 
animals, when incloſed in this kind of air, ſoon 
periſh ; but this does not, in my judgment, at 


all tend to ſhew, that the inflammable principle, 
in more ſimple combinations, cannot be inno- 


cent, or even ſalutary and neceſſary to the ani- 


mal oeconomy. When we conſider the prodi- 


gious quantity of this ſubtile principle, which 


is found in all organized bodies, the powerful 


effects which the proportion of its quantity pro- 


duces in the formation of different ſubſtances, 


we ſhall ſoon ſee the neceſſity of continually 
repairing the loſs of phlogiſton which the blood 
ſuffers during circulation from the ſeveral ſe- 


cretions. Let the ſagacious obſervers of nature 


examine carefully this problem; let them de- 
viſe and execute ſuitable experiments, and I 
truſt that this material point will ſoon be de- 


' termined. In the mean time, ſince all organi- 


zed bodies are incapable of flouriſhing, or even 


of exiſting, without good air, we mult take 
leave to call this air good, or rather pure, until 
its dephlogiſticated ſtate is evinced by uncon- 
trovertible arguments; and to call that air vi- 


tiated which is uſually called phlogifticated, as it 


* 
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| Habours perhaps rather under a deficiency than 


à a ſuperabundance of phlogiſton. 


I ſhall here briefly explain a theory of aeri- 
form ſubſtances, ſome circumſtances of which 1 


hinted in an oration before the Royal Acade - 


my of Sciences, in 1777. Some of theſe cir- 


.cumſtances have ſince appeared to me eſtabliſh- 
ed beyond doubt, and others of them only pro- 
| bable, but yet to be ſuch as agreed well to- 


gether, and are at leaſt worthy of a more ac- 
curate examination. Whether the conſequence 
of this examination be to eſtabliſh or to over- 
throw them, natural philoſophy will be enrich- 
ed; and I will not ſpare them myſelf, if, by 


new. experiments, I ſhall diſcover them to be 


falſe. In the mean time, I hope that a curſory 
account of them will give occaſion to decifive 
experiments. : 

The celebrated Dr Prieſtley bas hive, Dy a 


A multitude of experiments, that dephlogiſticated 
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air may be extricated from almoſt all bodies, 
by means of nitrous acid. He has alſo ſhewn, 


that this air is found occaſionally more or leſs 


mixed, ſometimes with aerial acid, ſometimes 
with nitrous air, ſometimes with that elaſtic 
fluid which is called phlogiſticated air, ſome- 


times with all of them together, yet fo diſpoſed 


that they generally exhibit themſelves in vari- 
ous order; ſo that from the ſame mixture, ex · 


poſed to fire in different veſſels, ſometimes one 
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of theſe fluids will appear firſt, ſometimes in- 
termediate, and ſometimes laſt. He has ſhewn _ 5 

that nitrous acid is very greedy of phlogiſtonz; n 
and that it is wonderfully diverſified by the va- 65 8 
riety of quantity and connection of this prin- 

ciple. I ſuppoſe it is well known that a large 3 
proportion of phlogiſton in a body renders it, Eng _ 
in general, immiſcible with water, &c, | = 

May not, therefore, the nitrous acid, by a cer- 
tain quantity of phlogiſton, be converted into aerial 
acid—the phlogiſton imparting to it elaſticity 

and levity; weakening its acidity, increaſing its 
attraction for abſorbent earths, and changing 
its former properties, or creating new? _ 
May not its acidity be ſo far repreſſed by a ſtill 
greater quantity of phlogi/ton, that it will elude 
our examination, refuſe to unite with water, be 
neither eaſily deprived of its phlogiſton, nor 
any further loaded with it; being unfit for reſ- 
piration by its obſtinate retention of phlogiſton, 
and for the ſuſtaining of flame, by its being no 
longer able to take up more—thus generating 
that ſpecies of air which is called 9 
ted? 

May it not, by an abundant quantity of . 
giſton, be perfectly mitigated, and ſo become uſeful 
bath to flame and reſpiration! Thence, on the 
one hand, by any further increaſe of the in- 
flammable principle, it becomes ſo ſubtili- 
zed as to generate heat, and thus ſuſtains fire 
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and flame, in which ſtate it pervades all veſſels; 
and, on the other hand, by any further dimi- 
nution of that principle, or (if we may uſe the 
expreſſion) a determinate calcination, returning 
occaſionally to the ſtate of phlogiſticated air or 


aerial acid. Animals provided with lungs are 


leſs able to dephlogiſticate this air than thoſe 
which breathe through ſpiracula, or than vege- 


tables; the former converting it into phlogiſti- 
cated air, the latter (7) into aerial acid. The 


experiments which have hitherto been inſtituted 


in another way fhew a very different effect of 


vegetation upon air; but, if I am not miſtaken, 


the cauſe of the difference depends upon the di- 
verſity of circumſtances. We know that vege- 
tables languiſn, grow tranſparent, and loſe their 


colour in the dark; but, when thus vitiated, 


are ſpeedily reſtored by the rays of the ſun. 
Light conſiſts of the matter of heat, with an 


excels of phlogiſton; this exceſs is firſt abſor- 


bed, and afterwards by degrees, though with 


more difficulty, the phlogiſton itſelf, which 
conſtitutes the matter of heat, is ſeparated ; for 
no vegetation can proceed. without heat : And 
by this proceſs the other principle, the pure air, 
is ſet at libefty. Therefore, according to the 
inequality in the degrees of heat, according to 

the 

$- 


| Mr Scheele found that good air was gradually 
converted into aerial acid by inſets or Om” in- 
cluded in it. 
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the different poſition of the vegetables with res 
ſpect to light, according to their different pow- 
er in decompoſing light and heat, diſſimilar ef. 
fects muſt neceſſarily take place. Even water 5 
itſelf, which appears ſo ſimple and homogene- | ws 
ous a ſubſtance, frequently contains inviſible e 
organized bodies, which, when operated upon a 
dy the ſun's light, by their vegetation produce 5 
the ſame decompoſition, and generate pure air. 
If the varieties of noxious air can be render. 
ed wholeſome by agitation in water, (which 1 
confeſs I have not yet examined with due accu- 
racy), according to our hypotheſis all the varie - 
ties, except inflammable air, ſhould be loaded 
with phlogiſton during the operation. It is 
known that water always contains a portion of 
pure air (g); and daily experience ſhews, that 
air diſperſed through water may, by continued 
_ agitation, be again collected, eſpecially with 
the help of a little heat. Do not the emenda- 5 oh 
tions of air depend upon this? Water deprived, FRY 
by boiling, of its air, ſpontaneouſly recovers it i 
when expoſed to the open air: But water is 5 
not fluid without the aſſiſtance of heat, and to 
that end it requires a degree equal to 72 (5). 
I can ſcarcely believe that the matter of heat 
' undergoes any decompoſition during the agita- 
tion; but if that ſhould ſo happen, an air being 
N | __ preſent 


he (2) Val. i. p. 111. f (5) Vol. i. p. 286. 
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_ preſent which wants phlogiſton, a double ſource 
of pure air will occur; the one by its ſupera- 
bundant phlogiſton correcting the noxious air, 
the other, by the extrication of phlogiſton, ſet- 
ting free the pure air which had before entered 


But it is not yet ſufficiently clear what rank 


perhaps, than the aerial acid, but more weakly 
united, on account of the moiſture which the 


poſition. Here, too, we are at a loſs for the 


as, if that was the caſe, it could be extricated 


it ſeem to require the admixture cf any parti- 
_ cular acid; for it is extricated from iron equal- 


into the compoſition of the matter of heat. 


in this order is to be aſſigned to the nitrous air: 
It abounds with a larger quantity of phlogiſton, 


celebrated Fontana has ſhewn to enter its com- 


reaſon why pure air, already loaded with phlo- 
giſton, is yet able to deſpoil the nitrous acid of 
that principle. | 
Inflammable air 1s ate charged wh 
eee of the principle of inflammability ; 
but, in other reſpects, its compoſition is very 
obſcure. On the one hand, it cannot exiſt in 
a perfect ſtate in bodies before its ſeparation, 


even by nitrous acid; nor, on the other, does 


ly by the vitriolic and the marine, and even by 
any acid, except that of arſenic, and, what is 
moſt of all to the purpoſe, without the aſſiſtance 
of any acid menſtruum whatever, but merely 
* r EM of heat. It i is reduced by 


rel] ous 
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reſpiration to à vitiated air. If, therefore, the 


above theory be agreeable to truth, the prin- : 


ciple of it ought to be found in the nitrous 


acid; but as pure air, on the acceſs of a great- 
er quantity of phlogiſton, conſtitutes the mat- 


ry 


ter of heat; and that which is called inflam- 
mable air ſeems to exceed the pure in quantity 
of phlogiſton, yet does not thereby acquire ſub- 


tlety enough to penetrate glaſs; there exiſts, 
perhaps, in this caſe, ſome peculiar connection: 


For we cannot eaſily conceive that the bare in- 
creaſe of phlogiſton can render the texture of 
its parts too grols to paſs the pores of the glaſs: 
We muſt, however, confeſs, that ſulphur, which 


ins perhaps more loaded with phlogiſton, ig 


much denſer than vitriolic acid. Yet, although 
inflammable air diflolves ſomewhat. of the me- 


tal, carries it up, and after depoſits it in water, 


we cannot properly conclude that the metal is 
neceſſary to its compoſition. - In like manner, 


other heterogeneous matters may be mixed by 
ſolution with the other aeriform fluids, and af. 


terwards removed without injuring the proper- 


ties of the fluids. | 
Nature proceeds by. inſenſible . ; 
but-i it is not in our power to follow her cloſe- 


ly, being only capable of diſtinguiſhing the 


more remarkable ſteps. There is no doubt but 


other elaſtic fluids form intermedia between 
thoſe that we are acquainted with; of this we 


are 


* 
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are the more confident, as we know for certain, 
that pure air, nitrous air, and inflammable air, 

are not always procured of = ſame degree of 
virtue and efficacy. 

If this theory, gathered from! ſuch phaeno- 
mena as are at preſent known, be true, it will 
not be difficult to underſtand the generation of 
nitre upon the ſurface of the earth ; the inimi- 
cal nature of aerial acid, with regard to reſpi- 

| ration, above all other noxious fluids, a proper- 
7 ty by which it is capable, when taken into the 
lungs, of deſtroying as it were the original ſta- 
„ mina of the animal machine, and many other 
] _ circumſtances hitherto involved i in , rege 
„„ darkneſs, - 
1 (.) As to the heat generated during: the ſo- 
lation of metals, it is owing to the matter of 
heat which had been fixed in the metals, and is . 
now ſet at liberty by the acid menſtrua. All 
metals are eliquated by fire ; ſo that we cannot 
determine whether this depends upon the fire 
uſed in fuſion, or whether it belongs to metals 
_ themſelves. Many bodies retam a conſiderable 
quantity of heat fixed, although they have ne- 
yer been expoſed to the fire, as we have' already 
thewn 1 in the inſtance of lapis calaminaris (i). 
| (x) The calxes of metals are deficient in that 
55 Our of e +1906 which is neceſſary to their 
| metallic 
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metallic ſtate, but yet are not entirely without 

it; therefore, in their ſolution, ſcarce any ela- 

ſtic fluids are generated, unleſs the fire be con- 
tinued after exſiccation: Such as contain aerial 
acid, diſcharge it immediately in the ſame form 
as they had received it. It is remarkable, that 
Dr Prieſtley mentions a calx of lead which, with 
the acid of phoſphorus, produced an inflam- 
mable air. By means of the nitrous acid, and 
evaporation to dryneſs, a pure air is produced, 
partly by the decompoſition of the matter of 
heat, and partly by the phlogiſtication of the 
nitrous air; for metallic calxes, and ſeveral 
other earthy matters, attract the nitrous acid, 

and fix it to a certain degree, ſo that it can be 
loaded with the phlogiſton of the heat; during 
which operation, the pure air, which is the other - 
principle of heat, is ſet at liberty, and at length 
a like air is generated from the nitrous air. 
Pure nitre, urged by fire, illuſtrates this proceſs 

very well. If nitre be kept red hot upon a tile 
for half an hour, and, upon cooling, vinegar be 
added, or even a weaker acid, immediately the 
phlogiſticated nitrous acid is diſcovered by its 
ſmell; but from whence can this phlogiſtication 
be deduced, only from the heat paſſing through ? 
Beſides, by a long continued fire, all the acid is 
expelled ; but a very ſmall quantity of it may 
be collected in a recipient adapted for the pur- 
poſe; ; and, in the mean time, by means of a 
pneumatic 
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482 OF METALLIC PRECIPITATES: | 
pneumatic apparatus, air of different degrees of 
goodneſs may be had in great plenty. Does 
not this manifeſtly indicate ſucceſſive changes 


taking place in the acid ? 


Sometimes a ſmall portion of a air is 
had, by means of a proper degree of fire, from 
vitriolic acid, but a far greater quantity of pure 


air, occaſioned by the decompoſition of the heat. 


(] The ſolution made by the menſtrua above 
mentioned, contains a metallic calx intimately 
united with the acid; but the quantity of phlo- 
giſton remaining varies, according to the diffe- 
rence of the menſtrua, and of the temperature. 


The operation being performed, either with or 


without an intenſe heat, frequently occaſions a 
notable difference, as we have already obſerved 


in the inſtance of (i) nitrated mercury. That 


calcination is effected more gently by the ma- 
rine than by the nitrous acid, will eaſily appear 


on pouring concentrated nitrous acid on tin or 
antimony; the difference is not ſo viſible in the 
other metals, if it actually does take place. 


- As the neceſlity of this calcination, during 
the ſolution. of metals, has been thought by 


ſome modern chemiſts not only doubtful but 


even falſe, let us here conſider ſeparately, but 
briefly, the caſe of the perfect metals, which 


they inſiſt ought to be excepted, as they do not 


t to the moſt intenſe fire. Let us therefore 
* 
04 Vol. i. P+ 132. | 
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- obſerve, 1ſt, that, during their ſolution, nitrous 
air is always generated, and of a very perfect 
kind; this cannot ariſe without phlogiſton; but, 
in this caſe, there is nothing preſent which can 
yield phlogiſton, except the metals: Therefore, 

2d, the metals, when precipitated from the men- 

ſtrua by fixed alkalis, both with reſpect to their 
external appearance and internal properties, ap- 
pear to be calcined; v. g. the precipitate of gold 
rejects mercury, is diffolved i in marine acid, and 
other ſimple menſtrua, and that without the | . 
production of any elaſtic fluid. zd, Glaſs may 
be ſtained by theſe metals ; but no metal, in 
its complete form, can be taken up by glaſs, 
much leſs ſerve to ſtain it. 

The vulgar objection ariſes from hence, that 
the calxes of the perfect metals may be reduced 
ſolely by means of a ſufficient degree of fire, 
without the addition of charcoal; but this de- 

pends upon the great force with which theſe 
.calxes attract phlogiſton, ſo that they are able 
to decompoſe the matter of heat, and to take 
away and retain as much of that principle as is 
ſufficient to give them the metallic form; and | 
it is for this reaſon that they reſiſt the effect of | 
fire ſo obſtinately, when in their metallic ſtate ; 
for when any phlogiſton is taken away, it is in- 
ſtantly replaced. The calxes even of the im- 
perfect metals attack phlogiſton, but are not 
able to retain a ſufficient quantity. Mercury is 
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a ſort of intermediate ſubſtance, as it may, like 
the imperfect metals, be calcined by fire alone, 
though with much difficulty, and yet, like the 
perfect, it can from heat alone receive * 
ton to ſaturation. 

The following has been peat to me as an 
a che vl dilemma : Silver cannot amal. 
&< gamate with mercury, except when in its metal- 


© lic Rate, yet both ſalited and nitrated filver are 


& taken up by mercury; it is therefore not cal- 
& cined by the acids, but adheres to them in its 


4 metallic form. We ſhall not need any aſ- 
ſiſtance from the higher chemiſtry, in order to 


ſolve this. It is well known, that the* calx of 


copper, diſſolved in vitriolic acid, is precipitated 


in its metallic form on the addition of iron, and 
that by means of a double elective attraction; 
for the iron diſſolving in the acid would form 
an inflammable air by its phlogiſton, were not 


the copper preſent, which takes it up, and there- 
by becomes inſoluble ſo long as it retains it : 


But, from the table of elective attractions, it 
appears, that mercury poſſeſſes a ſtronger at- 
traction for acids than filver does; if, there- 
fore, ſalited or nitrated ſilver be triturated with 
mercury, the ſilver muſt be precipitated in a 
metallic, and the mercury calcined be diſſolved. 
This alſo takes place, provided there be moiſture 
ſufficient to ſuffer the elective attractions to ope- 
rate: The ſuperabundant mercury greedily takes 


ue 
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up the comminuted filver precipitate, and the 
arbores Dianæ are nothing more than ſuch an 
amalgam cryſtallized. Upon this head we ſhall 
ſay more ( 1v.) ; the fundamental objection is 
therefore, I hope, removed. But although the 


acids cannot take up any metal while it retains _ 


its full proportion of phlogiſton, yet various me- 


tallic ſalts are able to effect that ſolution ; thus 


nitrated or ſalited mercury boiled in water, to- 
gether with the crude metal, can take up a cer- 
tain proportion of it without dephlogiſtication; 
and the latter of theſe two ſalts, by this method, 


even in the via ſicca, becomes a mercurius dul- 


cis, which contains, at the ſame time, a crude 
and a (/) calcined mercury. 


Perfect ſolutions ſhould in general be nant. | 


parent, and ſome are alſo diſtinguiſhed by a pe- 
culiar colour, namely, that colour which is pro- 
per to the calx, only rendered more vivid by 
the moiſture. Thus ſolutions of gold and pla- 
tina are yellow, thoſe of copper blue or green, 


thoſe of nickel of a bright green, thoſe of co- 


balt are red, although the calx is black; we 
may obſerve, that even this red colour may be 


heightened to blackneſs : Iron, moderately cal. 


cined, is green, but this rarely continues upon 
further dephlogiſtication. The white calxes of 
ſilver, lead, tin, biſmuth, arſenic, Zinc, antimo- 

Vor. II. B b SET 


(1) Ada Stockholm, 1778. 
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ny, and manganeſe, are diſſolved without co- 
lour ; but ſolutions of the lead, tin, and anti- 
mony, are ſomewhat yellow, unleſs ſufficiently 
diluted. To this rule mercury forms a ſingu- 
lar exception ; for the orange-coloured calx of 
this metal 1s inKen up by 1 without co- 
lour. 
That hlogilton i is the chief cake of abi 
appears alſo from hence; the black calx of 
manganeſe tinges vitriolic acid with a red co- 
lour, but, on the addition of ſugar, the tinge is 
entirely (n) deſtroyed. Nitrous acid is ren- 
dered blue by copper, but, when the metal is 
added in conſiderable quantity, it becomes of a 
very deep green; the marine acid, which de- 
phlogiſticates the copper leſs, is yet made green, 
but, by dephlegmation, may be ſo condenſed as 
to appear brown, I have ſometimes ſeen a ſo- 
lution of ſilver green, although there was not 
| preſent the ſmalleſt particle of copper. This 
depends upon the abſorption of nitrous air; for 
let ſmoking nitrous acid be diluted, on the ad- 
dition of a certain quantity of water, it will be 
of a deep green, by a greater blue, and, upon a 
ſtill greater, becomes limpid ; by means of the 
water the nitrous air is extended to a greater 
ſpace; and this attenuation, gradually increaſed, 
varies the colours. From what has been ſaid, 


* it 
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it readily appears why nitrous acid 1 made 
green by a large quantity of copper. £ 
Metals dephlogiſticated by acid ſolvents pow- 
erfully attract phlogiſton ; nay, nitrated ſilver 
_and mercury, and falited antimony, cor- 
rode animal ſubſtances, in order to extract it. 
This metallic cauſticity, which is only to be 
moderated by phlogiſton, ought to be carefully 
diſtinguiſned from the acid cauſticity, which is 
repreſſed by alkalis, and the alkaline, which is 
mitigated by acids. According to the quantity 
of phlogiſton preſent, colours vary; and ſome 
experiments ſhew, that, by a ſufficient quantity, 
all colour 1s entirely deſtroyed, ſomewhat in the 
| fame way as, a white light ! ts generated by the 
union of the ſeven primitive colours—but 8 
this hereafter. | 


C 1v. Different Species of Precipitations.. 


- Various are the methods by which diſſolved 
metals may be ſeparated from their menſtrua ; 
and the appearance and nature of thoſe preci- 
pitates are occaſionally varied in this operation 
in a very ſingular manner. We ſhall 25 85800 | 
" ſome of the moſt remarkable. 

(A) All metals may be precipitated by ES 
line ſalts, which, by their ſuperior power of at- 
traction, ſeparate them from their menſtrua ; © 
3 the differences of theſe alkalis, wi Mm | 

. 0 e : to 
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to their nature and preparation, impreſſes the 
| precipitate with different characters. 

With the cauſtic fixed alkali the calxes fall 
almoſt entirely pure, but loaded with water, and 
the matter of heat which is expelled from the 
alkalis by the acid. The weight is found te be 
increaſed by the water, and perhaps by the 
matter of heat, but yet leſs than by the aerial 
acid. 

With the aerated 650 alkali, by means of a 
double decompoſition, the aerial acid unites to 
moſt calxes. We have already obſerved, that 
the vegetable alkali, completely aerated, preci- 
pitates a white calx from ſalited mercury, but 
that the mineral alkali does oh poſlels wag 

property. 

I) be volatile alkali, which natal: contains 
phlogiſton, ſometimes phlogiſticates the preci- 
pitates: It throws down a black or white pre- 
cipitate of mercury; nay, makes the orange- 
coloured calx white, the reaſon of which phae- 
nomenon we ſhall ſoon ſee, Gold receives 
from this. precipitant its fulminating quality, as 
before (p) explained. 

The alkali, which is commonly called phlo - 
giſticated, generally precipitates metals with an 
increaſe of weight, as Mr e, firſt ee, 
ſtrated, 


® 
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() Frequently the acids occaſion precipitates, 
and that for different reaſons. | 

By means of elective attraction, ſilver, mer. 
cury, and lead, are taken from the nitrous acid, 
by the addition of the marine or vitriolic. 
Theſe acids form with the metals new com- 
pounds, which are difficult of ſolution in water; 
they are therefore precipitated in greater ot 
leſſer quantity, according to circumſtances. 
By too much dephlogiſtication the nitrous 
acid ean decompound ſalited tin and antimony; 
for, when theſe calxes are too much ne 
they reject menſtrua. * 

(o) Alkalis, ſaturated with 2 which are 
called neutral ſalts, ſometimes diſturb metallic . 
ſolutions. nnd os ah of 

By means of a double elective attraction, all 
thoſe which contain vitriolic or marine acid de- 
- compoſe ſolutions of filver, mercury, or lead, in 
marine acid, and precipitate the metals. __ 
By forming a triple combination, the veges 
table, as well as volatile alkali, although fatu- 
rated with vitriolic, nitrous, or marine acid, 
precipitate platina from aqua regia. If the mi- 
neral alkali forms the baſe; the neutral falt has 
- No power of this ſort : Theſe phaenomena are 
more accurately conſidered elſewhere. 
(o) Some metallic ſalts can decompoſe others, 
and precipitate their baſes. This may happen 
when the acid is different in the two falts, or, 
| B 0 3 what 
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. what i is more ſingular, even though it be the 
A F ſame. 
_— Solution of gold gives us an example of ak 
V of theſe two caſes. This, as is well known, 
ue Iz precipitated by martjal vitriol, although the 
_ reaſon, ſo far as I know, has not been yet ex- 
plained ; but, upon examining the precipitate - 
carefully, it will be eaſily underſtood ; for this, 
when waſhed and'dried, not only avs many 
_ reſplendent gold- coloured particles, but alſo 
/ unites with mercury by trituration, diſſolves in 
aqua regia, but not in marine acid alone, to- 
gether with other circumſtances which evince a 
complete refuſcitation of the gold. Cryſtalli- 
zable martial vitriol contains phlogiſton, but 
very looſely adhering, ſo that the calx of the 
gold may very eafily take it away to ſupply 
the loſs it had ſuſtained during the ſolution. 
2B | That this is the true foundation of the proceſs, - 
'F| * appears alſo from this, that the weight of the 
1 diſſolved gold is preciſely recovered: It is alſo 
proved from this circumſtance, that dephlogiſti- 
cated vitriol will not precipitate gold. It may 
reaſonably be inquired, why the ſurrounding 
aqua regia leaves ſuch a precipitate untouched. 
The reaſon: is, that the menſtruum is diluted 
and weakened by the quantity of water ; for, 
upon boiling ir gently, ſo as to expel the water, 


the menttunm recovers its ſolvent power, and 
| | takes 


* W br * 
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takes up the precipitate. We come now to the 
origin of the purple precipitate. _ | 7 
That a ſolution of gold in aqua regia ſhould 
be precipitated by a ſolution of tin, the ſame 
menſtruum, is of more difficult explanation: 
In this cale, it is the ſame menſtruum that holds 
the two metals diſſolved; what then is the cauſe 
of the change? At firſt l imagined that the tin 
had attracted a ſüperabundance of the acid, and 
taken it from the gold, which being therefore 
deſtitute of the proper quantity, muſt neceſſari- 
ly fall to the bottom; but, upon employing a 
ſolution containing ſuperabundant aqua regia, 
the ſame precipitate was occaſioned; - The cauſe 
is therefore not to be ſought in the menſtruum: 


Let us examine the precipitate itſelf, and per- 


' haps the knowledge of its properties will unfold - 
the myſtery. Its external appearance ſhews no- 
thing like the metallic ſplendour, but altogether | 
reſembles a calx : It is eafily found by its 
weight, that it cannot conſiſt entirely of gold; 
and, in fat, chemical examination diſcovers a 
conſiderable quantity of tin. It cannot be dif 
ſolved by the marine acid alone, but, upon the 
addition of a little nitrous acid, is eaſily taken 
up: Triturated with mercury, it ſcarcely unites 
with it. Theſe properties ſeem to indicate, that 
the gold has ſo far received phlogiſton as to re» 
ſiſt the marine acid, unleſs aided by the nitrous z 
„ but 
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but its earthy appearance, and its habits with 
reſpect to mercury, evince that it is not in its 
complete metallic form. May not, therefore, 
IF the following explanation be conformable to 
; truth ?—The ſolution of tin neceſſary for this 
operation muſt retain' as much phlogiſton as it 
poſlibly can, conſiſtent with ſolubility. This is 
dropped into a ſolution of gold very much di- 
luted, by which means the remaining phlogiſton 
of the tin is more looſened, and is more eaſily 
attracted by the gold calx, which is thereby 
brought to a ſtate approximating to ny 
ſo that it can no longer be retained by the men- 
ſtruum; and the ſame happens to the tin, ok 
855 means of the dephlogiſtication: They muſt both, 
. therefore, of conſequence fall to the bottom, 
| 91 mixed intimately together. It is probable, that, 
in this caſe, it is the tin which ae the 
union with mercury. | | 
(E) Beſides, the metals precipitate one an- 
ah after a certain order. This order is found 
to be the ſame in all acid menſtrua, and is men- 
: tioned in another place. This precipitation is 
: 4 effected by a double elective attraction (s) ; for 
the metal which is to be precipitated exiſts in 
the ſolution in a calcined ſtate; but, being re- 
duced by the phlogiſton of the precipitant falls 
to the bottom, while, at the ſame time, the pre- 
cipitant 


% * 


* 
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 Gpitant being calcined becomes ſoluble: But, 
if the precipitant has been ſo calcined, that a 
part of it being inſoluble is mixed with the pre- 
cipitate, the metallic ſplendour is wanting, and 
it puts on an earthy appearance. A pure pre- 
cipitate is of the ſame weight as the metal had 
been before the ſolution. The mixed precipi- 
tates are leſs frequently met with; yet gold, 
precipitated by tin, exhibits one of that ſort. 
But many anomalous cireumſtances occur in 
this matter, depending, no doubt, upon acci - 
dent. The order is indeed conſtant, and never 
inverted. Zinc: prevails over iron; iron over 
lead; lead over tin; tin over copper; copper 
over ſilver; ſilver over mercury, &c. Yet it 
ſometimes happens that a metal, which, accord - 
ing to the general rule, precipitates another, in 
its metallic ſtate, from one menſtrua, precipi- 
tates it from another in the form of a calx; 
and from a third not at all. Some examples 
will illuſtrate this:—Zinc precipitates iron from 
marine acid in its metallic ſtate, but from the 
nitrous only in the form of a calx. Perhaps 
the phlogiſton of the zinc is-not ſufficient to 
reduce the iron, which, in the latter caſe, has 
been much more dephlogiſticated ; yet the par- 
ticles of iron, although they were at firſt me- 
tallized, may be again calcined in a menſtru- 
um which 1s very greedy of phlogiſton. Tin, 
precipitated from marine azid by lead, appears 


Ci 
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ina complete fem; but .is not thrown dow 
from nitrous acid; and from vinegar 1s preci- 
pitated in form of a calx, even by iron and 
zinc. Lead lets fall nothing from vinegar up- 
on the addition of iron. Theſe, and other ano- 
malies, will be expreſsly examined in the doe- 
trine of attractions: It will be ſufficient here to 
mention, that a ſmall exceſs of acid is neceflary, 
and that without it no precipitation begins (1); 
but a great ſuperabundance prevents that ope- 
ration, by again diſſolving the precipitate ; be- 
ſides, the weights of the precipitates and the 
diſſolved N do not correſpond. 


* 1 


5 v. Colours f Metallic Precipitates. 


"Before we conſider the weights of the diffe- 
rent metals, we ſhall ſlightly touch upon the 
precipitates. I employed the mineral alkali, as 
the degree of ſaturation of it with aerial acid is 
more conſtant. When I had occaſion for a 
cauſtic alkali, I prepared it by a {mall quantity 
of burned lime, in a cloſe bottle. The good- 
neſs of it was proved by its occaſioning no pre- 

 cipitation in lime-water. The preparation of 
phlogiſticated alkali is deſcribed in Another 


| _ (u). 


1 


: (9 This was firſt obſerved by the celebrated Gahn. 
() Treatiſe on the Humid Art of Aſſaying, 5 is 


; 


(4) Gold diſſolved in aqua regia is precip» 


tated by cauſtic mineral alkali, almoſt black; 
by the aerated, yellow; as alſo by the phlogiſti- 


cated, unleſs ſome iron be. preſent, which fre- 


quently happens. As the whole of the gold is 


ſcarcely ever precipitated, 1 cannot pretend to | 


aſcertain the weights. | 

(B) Neither the cauſtic, nor aerated eat 
alkali, precipitate one half of platina, diſſolved 
in aqua regia; the precipitate is of an orange 
colour, which on drying changes to a brown. 


An over proportion of alkali re- diſſolves the 
precipitate with a more obſcure tinge ; nay, the 


precipitation is ſo imperfect, that alkali ſatura- 


ted with acid ſeems to diſſolye it. The phlo- 


giſticated alkali does not precipitate the depu- 
rated ſolution, nor even make it turbid, but 
heightens the colour in the ſame manner as the 
exceſs of alkali does. 

(c) Silver diffolved in nitrous acid} is preci: 
pitated white by aerated mineral alkali; by the 


cauſtic brown; and by the phlogiſticated alkali 


of an obſcure yellow; by the nitrous, as well 
as the marine acid, white; but the former 
precipitate conſiſts of more diſtin& particles, 
which grow black more . in the 9728 80 of 
the ſun. 


(D) Salited mercury is „ red, or 


rather ferruginous, by aerated alkali; by the | 


cauſtic more, yellowiſh, or orange. Nitrated 
mercury, 
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mercury, prepared without heat; vidlas a ferru- 
_ginous precipitate - with mineral alkali; a black 
with cauſtie: When prepared with heat, it 
FPioelds to cauſtic alkali an orange, or reddiſh 
yellow: precipitate: By phlogiſticated alkali it 
is precipitated from all acids, white; which, 
when dried, becomes of a browniſh yellow. 
Salited mercury is very ſparingly precipitated 
dy this alkali. The precipitate occaſioned by 
- phlogiſticated W N is -again diſſolved if too 
een alkali be uſed. e 
We have before thevin that a who preciple 
tate may be obtained by aerated _—_— alka- 
= and have explained the cauſe. . 

Corroſive ſublimate muſt be very cautiouſly 
precipitated by cauſtic, as well as aerated fixed 
alkali z for the part ſeparated may again be dif. - 
folved by a large quantity of water. If too 
much alkali be uſed, a new gene ariſes of 
a peculiar nature. | 

() Nitrated lead is own PIES white by 
aerated, cauſtic, or phlogiſticated alkali. If 
too much alkali be uſed, the laſt precipitate 

is diſſolved with a browniſh yellow colour. Vi- 
triolated and ſalited lead is precipitated white. 
(x) Nitrated copper, which ſolution is blue, 
is precipitated of a bright green by aerated 
fixed alkali; by the cauſtic of a grayiſh brown, 
which” grows reddiſh by age. By phlogiſtica- 
„ ted 18 copper is precipitated of a greeniſh 
r e colour, 


/ 


— 


7. 


colour, which afterwards grows of a browniſh 
red, and. upon exſiccation, almoſt black, - The 
aerial acid readily takes up a ſmall portion of 
coppes during the precipitation, which 1 is * | 
depoſited by the heat of boiling, 

(6) Iron is precipitated green by the —_— 


fixed alkali, from vitriolic and marine acid; 


this precipitate becomes of a browniſh yellow; 
eſpecially on exſiccation; With the cauſtic al- 
kali it approaches more to black; In the preci- 
pitation ſome part is held in ſolution by the 
aerial acid, if the aerated alkali be uſed: The 


pPghlogiſticated alkali yields a dark blue precipi- 


(8) Tin is precipitated white by every alka- 
line falt, even by the phlogiſticated alkali ;- but 
at length ſome blue particles, which are mixed, 
appear, ſo that the whole, when collected and 
dried, is of a-light blue colour. That theſe 
blue particles depend upon iron is eaſily ſeen 


upon calcination, for they become ferruginous, 


and obey the magnet. I have always found in 
tin an admixture of iron. 
(1) Biſmuth is precipitated white 8 water 


andi alkalis, particularly the former; phlogiſti- 


cated alkali throws down a ela powder, 
which being mixed with blue particles, occas' 
ſioned by iron, at length appears green. This 
yellow ſediment eaſily diſſolves in nitrous acid. 
| $55 8 (x) 


* 
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t- «) Nickel is precipitated of a whit green 
by fixed alkalis; by the phlogiſticated alkali of 
. a yellow; and, by exſiccation, it is condenſed 
into a dark brown maſs. _- Es 
(.) Arſenic diſſolved in acids, which prevent 
too great dephlogiſtication, may, to a certain 
degree, be precipitated white by the fixed alka- 
li, even when phlogiſticated, but the ſediment 
is found ſoluble in water; yet nitrous acid, 


either alone, or joined with the marine, gene- 


rally dephlogiſticates the arſenical acid, which 
thereby becomes unfit for ſeparation. Arſenic, 
diſſolved in marine acid, with the addition of a 
little nitrous acid, depoſited a white ſediment; 
upon the addition of a large quantity of phlo- 

giſticated alkali, the ſediment was mixed with 
Pruffan blue; this was diſſolved in water, and 
freed by eee filtration from the blue par- 
ticles, and, at length, on evaporating to en, 
yielded a ſemipellucid maſs. 

(M) Cobalt, diſſolved in acids, is FORM 
down by fixed alkali, whether aerated or cau. 
ſtic, of a reddiſh blue, which colour, on exſic- 
cation, grows darker, eſpecially when the for. 
mer alkali has been uſed: Phlogiſticated alkali 
throws down a powder of almoſt the ſame co-' 
lour, which, upon exſiccation, becomes of a 
' reddiſh brown. | 

(N) Zinc is precipitated white by l 
and cauſtic fixed alkali, as alſo by the phlo- 

pilticated. 


_ 
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giſticated alkali ; but this laſt, on exſiccation, 
becomes of a citron colour: A ſmall portion 


of aerial acid may oy eſcape during the pre- 


ee 


(o) Antimony is e e white by alka- 


"Ma when the phlogiſticated alkali is uſed ; at 
the ſame time almoſt always ſome blue P 


are precipitated, although the regulus had been 


prepared without any iron. The operation 
ſhould be cautiouſly conducted, leſt ſome part 


BY taken up by the alkaline falt. 


(ey) Manganeſe, which is procured by malte 


tion from common magneſia nigra, generally 
renders menſtrua brown, and with aerated al- 
kali yields a yellowiſh brown ſediment ; with 


the cauſtic, one ſtill darker ; with the phlogiſ- 
ticated, a powder is ſeparated, at firſt a blue 


one, then a white, the mixture of which ren- 
ders the maſs a darkiſh or rather a black green. 


That the calx of the manganeſe may be obtain- 
ed pure and white, the precipitate occaſioned 


buy cauſtic alkali muſt be diſſolved in pure vine- 


gar; for there ſtill remains a quantity of undiſ- 
ſolved iron, which is taken up by the aerial 


acid. This acetous ſolution contains little or 


nothing of iron, That metal may alſo at firſt 
be ſeparated by a ſmall . or volatile al- 


| kal. 


The common ſolution of the 1 is not ; 
| * precipitated " aerated __ ; and, 


upon 
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upon the remaining liquor ſpontaneouſly eva - 

porating to dryneſs, upon the glaſs are depoſited 

grains of a metallic ſplendour, and not unlike 

copper. Theſe are readily, though but partial- » 

2 Illy, diſſolved in nitrous acid; but, upon the ad- 
tion of zinc, nothing but the manganeſe falls, 
mouz at firſt it is a little reddiſh. With phlo- 

| sgaaiſticated alkali, a yellow precipitate, like pure 

. | Y 4 manganeſe, falls, provided the ſolution has de- 

| LE. poſited the iron when too much dephlogiſtica- 

n ted by age; but the new ſolution yields a pre- 
93 cipitate almoſt like that which is obtained from 


. common regulus. The yellow W may be 
diſſolved in water. 


: - 


| There is always a conſiderable difficulty at at- 
i tends the deſcribing of colours, as the ſeveral 
| varieties, which are almoſt innumerable, are 
BEE _ deſtitute of particular names. Colours are in- 
| | deed ſubject to changes; but not the ſmalleſt 
| ever occurs without ſome determinate cauſe ; 
they ſhould therefore be carefully obſerved; for 
Es | from thence we ſhall always learn ſomething, 
1 provided we conſider every thing with due at- 
8 tention. Ws 5 | | 1 
3 $ vi. We and Compoſition of Metallic Pre- 


cipitates. 


* 


The metallic precipitates wall 4 to us 
many myſteries upon proper examination. 


N *% | A 
" k 2 
\ #08 :, 


| *{4) Our firſt inquiry ſhall be a 
| their weight. I have as yet only examined 
thoſe precipitates which are occaſioned by at- 
7 rated mineral alkali, - cauſtic alkali, and phlo- 
giſticated alkali. The reſults of many of thoſe 
experiments I have been obliged to reject, as 
being too vague and indeterminate; the reſt, I 
hope, are ſomewhat better founded. But, up- 
on conſidering how difficult it is to depurate 
and waſh completely the metallic ſediment, ſo 
that neither the alkali, the aerial acid, the wa- 
ter, nor any other extraneous matter, ſhall ad- 
here, I conſider them only as collections of the 
firſt terms of infinite ſeries, which converge 
very-quickly.—Iti order to obtain the- neareſt 
poſlible approximation, I repeated the experi- 
ments frequently; in the moſt accurate manner; 
and they are here ſubjoined. In the following 
table, 100 parts of the metallic . are als 
ways ſuppoſed diſſolved. | 
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(z) Upon comparing theſe weights, a queſ- 


tion at firſt occurs concerning the cauſe of ſuck 


enormous differences; and it is plain that-this 
cauſe muſt be ſought for in the precipitates 
themſelves. The fixed alkali, ſaturated with 
aerial acid, when added to the ſolution, is taken 
up by the more powerful menſtruum, and the 
weaker is of courſe expelled, and is abſorbed 
by the calx, as it falls in greater or leſſer quan- 


tity, according to circumſtances. That this is 


actually the caſe is eaſily demonſtrated ;—Let a 
bottle, containing a ſufficient quantity of nitrous 
acid, be accurately weighed; let there be put 
into it by degrees, e. g. 132 parts of lead, pre- 


cipitated by aerated alkali, and not only an ef. 


ferveſcence will be obſerved, which continnes 
until the very laſt particle is diſſolved; But, 
when the ſolution is finiſhed, a deficiency of 
weight is diſcovered, which amounts nearly to 
21, and which is indubitably owing to the ex- 


trication of aerial acid (§ HI. E.). But 132 


21 111, a weight which ſtill conſiderably 
.exceeds that of the metal. Upon diſtillation 
. nearly 8 of water are diſcovered; there yet re- 


main, therefore, 3, which by violent heat are 


increaſed by 7; for 132 of the calx, well cal- 
0 'cined; yield 110. The whole increment of 
weight, then, does not depend upon the water 
and aerial acid. The ſame thing is evinced 
from the conſideration of the precipitate of lead 
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by the cauſtic alkali ; 3s it is-evident, that, in 
this caſe, there is no aerial acid; beſides, no 


| efferveſcence accompanies the ſolution. If we 155 
ſuppoſe the quantity of water equal in both 


caſes, yet, even on this ſuppoſition, the whole 
exceſs is not accounted for, for 116 - 8 = 108, 
It is therefore probable that the matter of heat 
is attached to the calx. This matter of heat 
is always preſent in cauſtic alkali; for, when 
it is diſſolved in the ſimple acids, heat is always 
generated. This opinion is confirmed by the 
following conſiderations : 2ſt, The increment 
of weight can ſcarce be conceived, without ſup- 
poling an increment of matter, 2d, When the 
cauſtic alkali is employed, no other matter can 
be ſuſpected. zd, The ſame cauſe is alſo pre- 
ſent when the weight is increaſed by dry calci- 
nation. 4th, Let the heat occafioned by the 
mixture of determinate portions of any acid 
and cauſtic alkali be marked upon a thermo- 
meter: Let, then; an equal quantity of the ſame 
menſtruum be ſaturated with a metal; after- 
wards, upon the addition of an equal quantity 
of cauſtic alkali, it will be found either that 
no heat is generated, or a degree very much 
lelſs than before. Some of the matter of heat, 


therefore, is taken up and 5 fixed, which alſo 


generally makes the colours of the precipitates 


more obſcure, and, in diſtillation with ſal am- 


LY 


* * 


Nh 


 moniac, communicates to. the volatile alkali _ 


quantity that had been taken away. What has 


been ſaid of lead is alſo true of the other me- 


tals, a few excepted, which ſeem to take up 


little or no aerial acid; enen 
gold, and platina. 


(o) But ſome precipitates retain-a Ty 2 guan- 
tity of the menſtruum. Thus, corroſive ſubli- 
40 precipitated by aerated alkali, retains a 
portion of marine acid, which cannot be waſh- 


ed off by water; but, by cauſtic alkali, the 


precipitate may be obtained, either free of the. 
acid altogether, or in a great meaſure. In this 
caſe, as in many others, the aerial acid ſeems 
to genetrate a triple ſalt, which is ſcarcely ſo- 
luble. - The preſence of the marine acid is eaſi- 


ly diſcovered by nitrated ſilver, it the precipi- 


tate be previouſiy diſſolved in pure nitrous, acid. 
Hence we obſerve another difference in mer- 


cury precipitated from marine acid, according 
as aerated or cauſtic alkali has been employed: 


The latter precipitate, well waſhed, and put in- 
to volatile alkali, is ſcarcely changed in colour; 


but the former inſtantly grows white, genera- 


ting a ſpecies of fal alembroth, but containing 


ſo little marine acid as not to be eaſily ſoluble 
in water. 


Ihe calxes,s which retain any of their for · 
mer menſtruum, generally give over, on diſtil- 
lation, 
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lation, A ſmall portion of 4 ſublimate. The 
mercurial calx, juſt mentioned, expoſed to 4 


ſufficient degree of heat, is partly reduced to 
crude mercury, partiy to mercurius — by 
means of its remaining marine acid. This 
mercurius dulcis did not exiſt in the precipi- 
tate; for, in that caſe, it would be eaſily diſco- 
vered by acids, in which it is not ſoluble, and 
would grow black with cauſtic alkali, neither 
of which things takes place; it is therefore . 
nerated during the diſtillation. 

(v) The nature of phlogiſticated alkali is as 
vet obſcure; but it poſſeſſes the ſame _ 
ties, with regard to ſalts and alkaline earths, 
as acids when loaded with phlogiſton do:. · 
The fame is true with regard to metallic calx- 
es, with which it forms compounds of 2 faline 
nature, though moſt nk 83 are ene in 
water. 1 | 


90 vn. e re ſulting from the 2 xami: 
nation UB Metallic Precipitatr. | 
In order to a the more accurate 
examination of metallic precipitates, I beg leave. 
| to add a few words concerning the * 
to be derived from that labour. | 
(a) It i is evident, that, by more intimate ac- 
N with theſe precipitates, the chemi- 
955 01 


- 


* | 


_ 
= 
„ © % po eo ww » _ * 32 * A 4 
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reames: | 469 
i" theory of oy operation vill” be better un 
rſtood. 1 e . x? 2 = . Fr 


7 (B) ) We may tary be able * diſcover 
the more "uſeful. and remarkable properties. 
No one is ignorant that aurum fulminans, the 
mineral purple, and other encauſtic pigments; 
| | by which the colours of gem is may be imitated, 
ö have been derived from this ſource,” 

/ (WA foundation is thereby laid bor the art 

of aſſaying by the humid way, from the bare 

| knowledge” of the weights. It may be obe? 

' / ted, that the doctrine of the weights is very 

 fallacious; that they vary in the” different pre. 

_ Cipitates ; that by imperfect precipitation ſome- 
thing remains in the liquor; and that, ſome- 
times, extraneous matters are mixed with them. 
All this is true; but, if the mode of operation 

de always the fine; the reſults of the experi- 

maeents will be conſtant. Let us fuppoſe that a 

quantity of metal (a), precipitated ina certain 
manner, makes a weight (b); if that fame 
manner be exactly employed, we may fairly 
conclude, that a quantity of precipitate (n b), 
occurring in any caſe, is correſpondent to a 
quantity of perfect metal (n a), although, in 
the fundamental experiment, either the preei- 
pitation is incomplete, or ſome extraneous mat- 
ter be preſent, If all the circumſtances which 
occaſion increaſe or deficiency be carefully at- 
| ended to, the FOR TO. remain unim- - 


0 


as a — — 


* 
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peached : Let the method, thorsfone; be 1 wo 
n ned, and there will be no danger 

the pe FS ee "ar BY 
5 ted. Platina, nickel, cobalt, and manganeſe, | 

. are ſuſpected, by ſome perſons, to derive their «<_ 
dlrigin from a mixture of other metals. But, | 
| i iron neceſſarily enters into the compoſition | 


of platina, when this is diſſelved in aqua r. 
4 gia, it ſhould produce a Pruſſian blue upon the | 
ö addition of phlogiſticated alkali; and this 3 
5 the caſe, in fact, when common platina is 5 
i employed, yah: * "when it is rightly depura> _ | 
q ted (j. 995 
A If iron, * very obllinstel/ to nickel, 7 
q * 123 a great part of it, the precipitates ob- 
; tained from it by alkalis could not differ from 
= | maartial precipitates ſo much as they do, in co- 
de eee eder propenic, ©. 
il 1 I be ſame is true of cobalt and manganeſe, 
=_ he regulus obtained from magneſia nigra con- 
1 HOES tains about 0,08 of iron, Let us ſee how this 


EE: affefts the mixture. 
Eo ; oo, diflolved in an acid menſtruum, yields 
_ to phlogiſticated [alkali a powder, conſiſting 
—_:: -:; partly of blue, partly of browniſh yellow par- 1 
3 oo, ticles, which is equal in weight to 150 lb.; but 

#7 $7 8 bb. of iron yield 48 of Pruſſian blue, nearly + 

2 2; of the whole maſs ; Hence it follows, that 10 
f 15 (v) Treatiſe on Platina, g vn. (/ | 


parts of pure manganeſe yield to phil 
alkali ſcarcely 111, 5. e. nearly ſix times leſs 
than an equal weight of iron. 5 


, 


(z) Finally, it may by this means, perhaps, 
be poſſible to determine the unequal quantities 
of phlogiſton in different metals; for a given 
weight of precipitating metal does not yield an 
equal quantity of precipitate; Thus, e. g. cop- 
per is able to precipitate from nitrous acid four 
times its own weight e of M 2 
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H ERE is no doubr but ores were dug 

up, and their metallic contents extracted, 
long before the invention of the docimaſtic art; 
but the ſuperior induſtry of later times has diſ- 
covered the neceſſity of making trials in ſmall, 


by which the quality and goodneſs of the ore 


being previouſly known, unneceſſary expence 
may often be timely guarded againſt; and, as 
the great works are effected by means of fire, 
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. Wars proper to employ the ame 
in the leſſer experiments. The firſt attempts 


certainly were extremely rude; but repeated 


and collected trials have gradually advanced it 
to the form of a ſcience, or rather of an art; 


which, although no doubt long concealed in 
the laboratory, was not publiſhed" until the mid 
dle of the 16th century. The firſt book upon 
this ſubject is generally attributed to Lazarus 


Ercker; this was publiſhed in 1 574. But A- 


gricola, in his ſeventh book de Re Metallica, 


publiſhed in 1576, deſeribed both the ifiſtru- 


ments and the proceſſes, and illuſtrated them : 


with plates. And from the preface to the Ars 


Docimaſtica of Modeſtinus Fachs, it evidently 


appears, that the manuſcript had been preſent- 


ed, in the month of March 1567, to the Elec- 
tor of Saxony, though it was not publiſhed un- 


til after Ercker's book. In proceſs of time this 
art became far more perfect; but we have not 
leiſure to purſue it through it its ſueceſſive ſtates 
of improvement. PS $646 9 

In the docimaſia ſicca three PR 
are neceſſarily required: 1. That the metal 
contained in the ore be all reduced to a complete 


form ; for ſuch part of it as is deficient in that 


reſpe&, cannot be united with the eliquated 


metal. 2. 7. hat the ſame be collected into one 
maſe ; for, when it is in the form of numerous 


ſmall grains, ome of IEA are very. eaſily ſcat= 
tered, 
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other volatile mixture, and is either entirely 
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tered, and diminiſh the weight. :- 73. That the. 
metallic form once induced be preſerved ; for the 


extracted regulus mull novntly be diminiſhed 


more or leſs by calcination. 

All theſe requiſites are cen effected 
 commodiouſly and perfectly enough by fuſion 
in a crucible with proper ſtrata of charcoal, pro- 
vided the ore is free from ſulphur, and and every 


without a matrix, or united to one which is 
fuſible by a moderate degree of heat; but, if 
the matrix be refractory, notwithſtanding the 
. moſt ſudtile pulyerization, it will cover many 
metallic particles, and thus prevent their reduc- 
tion and fuſion. In this caſe it is neceſſary to 


_ employ ſuch additaments as not only promote 
fuſion, but occaſion ſuch a degree of tenuity as 


may ſuffer the reguline particles to fall to the 


bottom. To this they are naturally diſpoſed 


by their great ſpecific gravity z but, neverthe- 


leſs, if the maſs be tenacious or thick, and eſpe- 


_ cially if they themſelves be ſmall and diſcrete, 


they are kept floating by the great friction 
which is to be overcome in their deſcent. Theſe 
additaments, which, from their effect, are called 


| fluxes, are of a ſaline nature, and muſt there- 
fore neceſſarily corrode the metals more or leſs; 


and hence the ſcoriæ, which are almoſt always 


tinged, contain a quantity of calcined metal. 


But, 


. — 


* 
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But, ſo long as we are deſtitute of a ſure method 


| of meaſuring intenſe degrees of heat, and ſo long as 


it is neceſſary to perform the operation. in cloſe veſ- 
fels, to prevent the acceſs of air, ſo long will the 
force and proper continuance of the fire be, as 
it has hitherto been, uncertain. Now, by every 
exceſs or defect in this point, ſomewhat of the 


goodneſs of the ore, formed from the weight of 
the regrlus, muſt be fallacious and . 
or at leaſt ſomewhat inaccurate. 

All this ſufficiently ſhews, that experiments 
made in the dry way are till liable to many 
faults and imperfections; to which we may add 
ſome more, viz.—Any given quantity of ore, 


ſubjected to trial, almoſt always exceeds the re- 


gulus to be extracted from it very much in 
weight. Now, ſince it is almoſt impoſſible to 
avoid a certain loſs during both calcination and 
fuſion, this loſs will be the more remarkable as 
the maſs ultimately to be weighed becomes 


lighter. The caſe is quite otherwiſe with ex- 


periments made in the humid way; for here 
the weight of ſediment, from which the quan- 


| tity of the content is judged, is never leſs, but 


often greater, than that obtained by fire. Let 
the loſs ſuſtained in examining equal quantities 
of ore in both ways be the ſame, and denoted 
by (n); let the quantity of regulus obtained 
8 be expreſſed by ©) that of the ſedi- 

ment 


ups 


regulus is loſt ; ſo that any judgment of the 
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5 


ment collected in the And way by (nf) | 


a the true value of the regulus will be a + n. 


This being ſuppoſed, as (m) is never leſs than 


unity, it is obvious, that, except in caſe: of equa- 
lity, n: an: ma; and, beſides, that (n) is the 
more diminiſhed in reſpect to (m a) in propor- 
tion as (m) exceeds unity the more. The ex- 


amples occurring hereafter will ane this 


ee dagen il: 10 Mi 
n 21 1 yy | 7 757 ATI 


$ II. Cann 8 . be in ee 


u * re 77 Aſaying ty mm * re 5 
* has at length only to examine 


the compoſition of ores by means of various 
menſtrua; yet, it mult be confeſſed, that the 
fragments of the humid art of aſſaying, which 


have hitherto been publiſhed, are rather to be 
conſidered as inſtances of a mixed method, in 


which the mineral analyſis is accompliſhed part- 


ly by the dry, partly by the humid method. 
The metallic part is indeed extracted by a men- 
ſtruum, but is afterwards reduced by fire. In 


the following pages, however, I ſhall endeavour 
to point out means by which the end may be 
anſwered in the humid way alone, without cal- 


cination or fuſion.— It is by no means my in- 


tention to depreciate the dry way. In practice, 


the moſt commodious and moſt accyrate pro- 
* ought always to prevail; but a due com- 
| 6 pariſon 


& 


TT 


40 


N * 


four, are mixed with the 


and yet neither of theſe. can be acchrately Qi 


covered, except in a veryfew caſes, by the ary is 
method, as it has hitherto been practiſed; for- 
it is evident, that, in fuſed maſſes, the adm 
tures which ought to be removed, are the bet - 


ter protected by the genuine materials, in 2 
portion as the former are more diminiſhed; 


circumſtance which cannot take place in 5: 

tions, which may be diluted ad libitum. It mult - 
indeed be confeſſed, that experiments in the hu- 
mid way alen 8 more tons, more care 
5 Vor. II. 0 D „ and 15 


ed * th. PT it 


we TH H War " MEE 
. two methods can never * in⸗ 
ſtituted, nor the beſt methods of operation cho- 
ſen, ſo long as either remains clogged with dif. 
ficulties and impediments. In the proſecution 
of mineral analyſis, it is therefore of the high 
eſt moment to remove theſe. difficulties; for the 
docimaſia fieca conceals: and confounds many 
of the heterogeneous admixtures; and if, by _ 
means of the humid way, theſe can be all ſe- 
gregated and determined as to quantity ane 
quality, not only much light will be thrown on 
wineralogy and metallurgy, but the true foun- _ 
dations of theſe ſciences laid, as any perſon who 
is not entirely ignorant f them may readily Fo 
perceive. Very often it is uſeful to know, n'⁊t 
only the heterogeneous metallic ſubſtances 
which ſometimes,” to the amount of three or 
extracted regulus, - | 
but frequently, alſo, the occult earthy matrix 3 5 
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and pains; but, i accurate neee are 
thereby ſupplied, we ſhould not be difficult 
about ſlowneſs. Beſides, in many caſes, this 
method is more expeditious than the other; 
and that, indeed, almoſt always, if we are con- 
tent with ſuch diſcoveries as can be made by 


the common calcinations and fuſions; nay, 
ſometimes the dry method is obviouſly. inſuffi- 


cient, when the metallic content is either very 
mall or volatile, but particularly if it be inflam- 
mable, as is the caſe with zinc. 5 


In the following experiments, an PU ewt. 


e e, vale where i iv en) - 


prefsly mentioned otherwiſe. Conclufions ſuf. 
ficiently accurate may indeed be often obtained 
from 25 lb. nay ſometimes from ſmaller quan- 


tities. In theſe caſes I have mentioned the 


uſual quantify, applying to them thoſe formulas 


of calculation which are founded on the mutual 
proportions of the proximate principles conſti- 
tuting metallic falts, and which are determined 


in another place (a) from the weights of metal- 


* ö lie precipitates. By an eaſy ſubſtitution, the 


ſame e "as be uſed by thoſe wie em- 


ploy © + or > C\ 
The ores to 00 ned Would be 192050 


to a very 1 e dy 3 _ 


Alutriation, © 


72 


bh : 


| (4) See the Treatif on the Analyſis of Waters, 
$ xi. and this Treatiſe, 9 vi. 538: 


— 


- 
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it is diſſipated in vapours, or is melted into glo- 
bules containing heterogeneous matters; there - 


| TC ON CO II Ry 
a. | 
All the precipitates ak carefully be waſhed, 


collected, dried, and —_— as is obvious. 


It is ſufficient h tion. this, to avoid 
the trouble of — hp, Diſtilisd water ſhould 
conſtantly be uſed, and all the menſtrua care- 
fully depurated. I call vitriolic acid diluted, 
when its ſpecific gravity is below 1, 3; nitrous, 


when below 1,23 and the marine, when below 


1,1. 


oh” The precipitations ſhould be carefully, de | 
(in glaſs veſſels), ſo that neither þy.the delicien- | 
cy of the precipitant ſhall any thing remain in 


the menſtruum, nor by its abundance any thing 


be re- diſſolved. The clear liquor i 


ſtand; the water again decanted off, and freſh 


poured on, until it ng 


— 


5 * | 
, = : 
% 


419 


- The ſolutions of ſuch ares as contain ſulphur | 
require muchicaution : If poſſible, the vitrislic 
or marine acid ſhould be employed; for, by 
continued heat, the nitrous acid deſtroys the 
ſulphur: By too violent an heat, alſo, ſome of 


jo. ae. 
_ canted from the ſediment, water poured on in 
its place, the veſſel ſhaken, and then ſuffered to 


longer can affect cer- 
tain . by which. it muſt be exami- 
ned. | ; 
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Tbis being dons, the ſediment is to be. 1 


; leded upon a filter (firſt weighed) made of pt 


per not impregnated with alum, dried at firſt 
with a gentle. heat, but after expoſed, for five 


minutes, in a cloſe glaſs veſſel, to 100 of heat; 


| waſhing the ſediment is in a bottle; for the fils | 


6 
? 


upon cooling, it is to be weighed, together wit 
the filter, the known weight of which muſt af · 


terwards be ſubducted. The beſt method of 


ter, when once filled with a ſaline ſolution, is 


not without great difficulty freed from it, eſpe- 

a cially if there intervenes a delay of ſome hours. 
When I ſpeak of an alkaline precipitant, the _ 
mineral alkali, charged to ſaturation with nn £ 


mow is always to be underſtood. 


The alkali, which is commonly called philo. | 


giſticated, I always prepared i in the ſame way— 


equal weights of the pureſt nitre and cream of 
. tartar, well pulyerized | and mixed, are heated 


in the uſual way and detonated... The common 


White flux is thus procured ;—Half an ounce of 
this is diflolyed in a cucurbit, in half a quadrans 


* 


of diſtilled water; then in a digeſting heat are 
gradually added two ounces of Pruſſian blue, 
carefully avoiding ſuch an efferveſcence of the 
liquor as may throw. any thing oyer, which 


_eafily happens if the quantity be too large: 


The pigment ſoon. loſes its beautiful colour, 
not growing red, but black, which evidently | 


dens thats rſs decompoſition has not 


* * 


2 * | ; . 


* 


* 
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ee The Pruffian blue for bile is noe 
always found of the fame quality. That which 
was uſed in the following experiment, contain- 
LY ed, in 100 parts, 77 of clay, and only 23 of the 
igment; ſo that if it be thought proper to em- 
ploy the blue made without any alum, 22t _. 
rains will ſaturate the half ounce of alkaline 
ſalt more completely than the two ountes above 
preſcribed, and the bulk of the reſiduum is 
thereby alſo. leſſened. Whatever way the ope - 
ration be performed, after the addition of the . ; 
laſt portion, the whale muſt be . expoſed to a * 
ſtronger digeſting heat, and the maſs oſten ſtir - 1 
red with a wooden road: If the liquor be too ww 
much diminiſhed by evaporation, the defect muſt NN 9 
be ſupplied by warm water. At length the li. 
vium becoming clear, let the reſiduum be col N 


ol 
L * 
as = - N 5 


— 


 lefted on a filtering paper, and gradually wah- 2% 
ed with warm water, until all the ſolüble part „ 
is ſeparated. If the operation be rightly con- * 


| Adaucked, the clear liquor amounts to an whole - 
quadrans, of a browniſh. yellow, and fo ſatura- 
ted as not to make paper tinged by Brazil wood 
blue; hence the colouring principle united to 
the alkaline ſalt ſeems to be of an acid nature; 3 
but the Pruſſian blue, and other metallic preci- 
pitates of the ſame kind, always yield on diſtil- 


lation, beſides an * . a diſtin 


' | volatile kali 55 ee 2 4 3 


OY OS 
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| The lixivium faturatel with the ecloaring * 
matter contains alſo a ſmall portion of perfect 
Pruſſian blue, about 4 Ib. to a ct. of the al- 
kaline ſalt, which are ſeparated on the addition 
of the acid: Theſe ſhould be previouſly ſepa- 
rated, or, what is better, corrected, by ſubduc- 
ting from the weight of the ſediment 16 affay 
pounds for each quadrans of the lixivium. 
When the queſtion is about a diftin& colour in 
the precipitate, the lixivium muſt neceſſarily be 
employed well depurated: Thoſe who neglect 
this precaution, readily perfuade themſelves that 
any metal, precipitated by our lixivium, can 
put on the blue colour. But, if the queſtion be 
only about the weight, let the lixivium, ſtill 
loaded with a fmall portion of Pruffian blue, be 

dropped; however, the proper correction muſt 
ultimately be employed; ; for the precipitating 
acid, in a ſhort time, is wont alſo to weaken the 
properties of the lixivium, and even to deſtroy 
chem, eſpecially in a warm temperature. Lime, 
whether aerated or cauſtic, is alſo capable of 
abſtraQing a colouring ſubſtance from iron and 
other metals. We ſhall perhaps ſpeak, in an- 
other place, more at large of the qualities and 
properties of theſe combinations, here we only 
treat of their preparation and uſe, 5 

In the precipitating of metals by metals, it is 
to be obſerved, that the acid of the ſolution 
ought to be ſomewhat predominant; but any 


as . 


1 # , Fo , , * ; 


a. au HUMID war- "a 
8 Sata excels muſt be corrected oc - 


caſionally, either by alkali, water, or ſpirit of 


bet 1 Ores of Gold. 


Gold oceurs in the bowels of the earth na- 
tive, poſſeſſing a complete metallic form, al. 


though, in general, the ſmall particles of it are 
ſo interſperſed in various matrices, that they are 


entirely inviſible; it is alſo found mineralized, ny 
that is, united with ſulphur, by means of iron, - 
of ſome other metal. Theſe two n, ore 


we ſhall conſider ſeparately. 


_ (4) Native gold is very ſeldom, if ever, en- 


tirely free from heterogeneous matters; the 


moſt uſual inquinaments are copper, filver, and 


ſometimes iron, The firſt of theſe remains in 
the menſtruum, and may be ſeparately collec- 


ted, If the gold be diſſolved in aqua regia and 


precipitated by martial vitriol (5 vi11.); the ſes 


cond falls during the ſolution, yielding a ſalited 


filver, which, waſhed and dried, ſhews the 
weight of the ſilver contained (5 v.); finally, 
the laſt is diſcovered by a phlogiſticated alkali, 
and is eſtimated in a manner elſewhere deſcri- 
| bed (S ix.) . The precipitate occaſioned by the 


martial vitriol is pure gold in its metallic form, 
although very ſubtilely divided; and, therefore, 


the weight found requires no correction. 
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„ed the n and following circum 
antes x it appears how a ſmall portion of gold, 
inhering in the ores of other metals, may be 
extracted; beſides, a ſolution, containing that's 
moſt minute particle of gold; $aſtantly produces 

the purple precipitate of 1 WA a 8 
of tin properly prepared. * 
() As to the ore which contains gel a.” 
hering to, and ſurrounded by ſtony particles, 8 
firſt, a determined weight is to be reduced to 
an apa 3 wh triture and elutria- 

| tion. - * : nis AT F835 8 ; 

Then let the powder, wes a ſecond time, 
be boiled in aqua regia, ſo long as any thing is 
taken up by the menſtruum; after Which, Het 2 
the exhauſted ore, well walled” be debe . 
5 <exhecated to ignition, and weigh. 

Let the clear ſolution (the colour of - which; $ 
in ſome degree, affords a method of judging) 

be precipitated in the uſual way by martial vi- 3 | 
_ triol; the precipitate” well waſhed, dried, and” 43; 
weighed, ſhews'the gold, which, added to he 
weight of the exhauſted ore, ought to equal the 5 af 
original weight, unleſs ſomewhat has been di:: 
perſed by the pulverization, or unleſs ſome os Se 
the matrix has entered the menſtruum: The 
former of theſe is:diſcovered by comparing the 
weights before and after PE the lat. 


wy 


ter by Precipitants. 8 . k 
i wo. © L oe” Oy * When 
| of a ' 9 | 
> * p a 
3. 
* * 
1 * 
* 
OY 
1 *. 
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3 * Fradually ſeparating, may remain in their 


go 


When grains of. gold are mixed v 


> by mechanical application of water.. 
| 2 rr aſſay ewts. of the gol- 


5 * {fn e rec Seid, or rather Aeſted in 

An heat of 50.807 leſt the ſulphur ho- 
© deſtroyed; a gentler beat even is nece 
this purpoſe, that the ſulphureous | 


© tiralſtates fox if they fuſe, the heterogenen 

._ qarticles, which ought to be e villiþe 
£5 included in the fuſed maſs. 7, 
This operation muſt be fo n that 

the menſtruum may be added in ſeveral por- 


n of; nitrous acid. When this ef- 
fect ceaſes, another portion i is to be poured on, 

* until te ſulphur is obtained pure, aud marked 

* ith its genuine colour. This proceſs general - 


* 
3 
us Z 


I 
CJ W AM Acid. . * * 25 &: wi 7 „ 1 


-ſtic fixed alkali. : 5 
If the matrix is inſoluble in 968 e 


5 : it remains at the bottom, together with the 
__— Ds 5 : | reid, 


a particles, they are ſometimes eafily ber- | 


to powder, be gently-boil- | 


E tions, at each turn about ſix times the weight 
? + > Of the ore; this. attacks the pyrites with an ef- 
3 feryeſoence, occaſioned by the extrication of a 


requires to one 1 of che ore * 12 to 16 


Ie the lab, de ee 
4 - upon: a filter, dried, and weighed : Whether it 
-- + be pure or not is eaſily determined by the Call. 
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gold, which is diſtinguiſhed by its peculiar ſplen- 
dom and colour, and may be ſeparated from 
the of the matrix by careful elutriation. 
The particles of gold do not aſſume the form 
of itapalpable atoms, but of grains, very ſmall 
indeed, But fuch that a diſcerning eye will readi- 
bf obere their angles and inequalities; and 
theiy appearance may perhaps lead to a fuſpi- 
that they have been rather ms 
than diffolved by the pyrites. 

The clear ſolution is generally green; Jet 
this be evaporated to dryneſs, then ignited and 
weighed. If there be other metals beſides iron 
—— be extracted by fuitable men. 
ſtrua z copper by the volatile alkali ; manganeſe, 
Which is generally preſent, by dilute nitrous | 

acid, with the addition of a little ſugar ; zine 
dy any menſtruum, although this is ſcarcely 
ever found in gold pyrites ; and filver by pure 
nitrous acid. When calcareous earth forms 
the matrix, it unites with nitrous acid, and 
e a nitrated lime; when clay, it forms an 
alum with vitriolic acid. 

The ſum of the weights of all the head 
ſhould: be equal to the original weight 5 and, 

_ Unleſs fome loſs has been ſuſtained. during the 
operation, any deficiency is to be attributed to 
the ſulphur deſtroyed. 

(o) I have as yet only ſeen one \ e 
of the ore of Nagyay; this conſiſts of a gray 


- - quartz, 


* 


+ * 02 RS N 4. — 
n 
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quartz, 26 & white mmer not alike + fandy 
ſtone, which is taken up with efferveſcence by 
acids, without imparting any tinge to the men- 
ſtruum. The foluion forms, with aerated al- 


kali, a white precipitate, and with phlogiſtiea - 
ted alkali a browniſh yellow. By the dry me- 
thod, the fame matrix ſoon grows black in the 


fire, and, according to circumſtances, tinges 


microcoſmic falt, either with a purple colour, 


or does not tinge it at all; it is therefore (5) 


an aerated manganeſe. This matrix contains 


diſperſed in it lamellæ of the colour of lead, or 


a little darker, which yields to the knife: Theſe, 


with warm aqua regia, grow quickly white, 
and are totally diflolved with efferveſcence, tin- 


ging the menſtruum yellow; on cooling, the | 


ſolution depoſits acicular cryſtals, If we were 
provided with a ſufficient quantity of the ore, 


I have no doubt but its "conſtituent principles 


might be ſeparated in the humid way by proper 


> 


'$ iv, Ores of Platina. 
bit art; the metal called platina 


| is n0t ſound any where but in America, and is 


always native. The only metal with which this 


. ts conſtantly alloyed is iron, the greateſt part 


(5) Treatiſe on the White Ores of Iron, g vi. 
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ok which may be ſeparated by repeatedly boil- 
ing the grains of platina, reduced to as fine a 
powder as poſſible, in marine acid; in this way 
. | the N e is enen era out. 
_ 0 
8 19 „ Tbe plating being thus „ anl Ai 
. | folvet”* in aqua regia, eaſily diſcovers itſelf by - 
a means of martial vitriol, if any gold be preſent: 
ER. On che other hand, if platina contains a ſmall 
75 id 25 portion of gold, this may, for the moſt part, be 
„precipitated by any neutral ſalt containing ve- 
town or an alkali. e 


* 


* 


2 ooo DS 85 v. | Ore: of Silver. 


07 ber beſides it its complete form, puts on, in 

the bowels of the earth, a variety of forms, 

partly united with ſulphur, either alone, or with 

other metals, partly mineralized by acids. 

; Native ſilver is generally allayed with 

5 | * or copper, or both; the ſilver and copper 

4 . are eaſily taken up by nitrous acid; and, if any 

| gold be preſent, it appears at the bottom like a 

black powder, which, by ſolution in aqua regia, 

and precipitation by martial vitriol, may be 

made at pleaſure to aſſume à more metallic ape 
2 n 

V' „ e, ſeparation, being effetted, the nd 

V remaining in the liquor may eaſily be collected 

dy means of iron, or aerated alkali 


There 


_Andreaſberg-in Hercynia, and at Wittichen-in 


T. MO. 


has the appearance of irregular grains conglo-. 


ceorroded into a white calx. Aqua regia takes 


1 poſſible before they are put into the men- 


calcareous matrix, very thin leaves of metal, 


There has . diſcovered a new ho 8 
riety of filver ore, which is extremely _ | 
this is found in two different places, namely, at 


Fuſtenberg; a ſpecimen of each is to be ſeen in 5 
the Academy's collection. That of Fuſtenberg 


merated, which poſſeſs a metallic ſplendour, are 

a little yellow, and, together with native filver, 

are contained in the common white ſpathum | 
ponderoſum, The grains, when examined, are 
found to contain filver allayed with a ſmall 

portion of regulus of antimony. -- Theſe metals 

may be ſeparated by concentrated nitrous acid; 

for the firſt is thereby diſſolved, and the latter 


up the antimony, a falited filver remaining at 
the bottom. The particles of this ore are ſomes 
what malleable, and ſhould be reduced as fine 


ſtruum. The ore of Hercynia is called butyra- | x 0 
ceous ;. that which I have ſeen, exhibited, in a „ 


the ſcarcity, as well as tenuity of which, in the 


above mentioned ſpecimen, prevented me from 
making proper experiments; ſo that I dare not _ 
abſolutely affirm that this agrees with the for- 
mer in its properties, e it Py. 
{0 probable. 
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( s) Silver united with ſulphur alone is black, 
and is commonly called the glaſſy ore of filver. 


Let this, divided and comminuted as much as 


poſſible, be gently boiled for an hour in 25 owt. 
of diluted nitrous acid; the liquor being de- 
canted, let the operation then be repeated with 
an equal quantity of the menſtruum; and, un- 
leſs the pure ſulphur be now ſeparated, the men- 
ſtruum is to be employed anew : The laſt par · 
ticles of the ſilver adhere obſtinately to the ſul- 
phur : If any gold be preſent, = di 
ſolved at the bottom. 
The decanted liquors . are to 
be deprived of the filver by the addition of com- 
mon ſalt ; let this, when collected, waſhed, and 
dried, homers and the nenn, 
S285 


hh. 


Let hs flint be . Comedy; and 


5 e added to the above, ſhould amount 
to 100 Ib. if the operation has been rightly 


performed, and et n of the r 
has taken place. | 
he clear liquor which paſſes in filtering the 
Fee upon the addition of a phlogiſti- 
cated alkali, quickly diſcovers the foreign metal 


accidentally inhering in it: And, after this pre- 
cipitation, the earthy contents are exhibited by 
a fixed alkali. The reliquiz of the inſoluble 


matrix are with difficulty ſeparated from the 


5 falpbureous particles :—Let the ſum of the 


veights | 
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| weights be firſt inquired, then let cauſtic alka- 
line lixivium be poured on, and the ſulphur 


diffolved in a gentle digeſting heat; the matrix 


then remains alone, and its weight determines 


that of the ſulphur. The digeſtion muſt not he 


continued longer than is neceſſary; for the ſili- 
ceous earth is alſo capable of entering the lixi- 
vium, However, this inconvenience is not very 
much to be apprehended; for to this effect the 


mechanical diviſion muſt be far more S | 


ly performed. 
(o) Silver, united to tür . nk 


jointly, is generally diſtinguiſhed by its red co - 
lour, ſometimes beautifully pellucid, reſembling 
a ruby; but it is ſometimes gray, metallic, and 


opaque. All theſe varieties, however, yield a 
red powder, and hence 1 it 18 called the red ore 
of ſilver. 


Let this, reduced to a very ſubtile powder, 
be twice gently boiled in diluted nitrous acid 
as above: A part of the menſtruum being de- 
canted off, let the white powder which remains 


at the bottom be well waſhed with diſtilled wa» 


ter: Let the ſilver be precipitated from the clear 
liquors, collected by means of ſea-ſalt ; and, fi- 


_ nally, let the ſalited ſediment, Oey TR 


A weighed as before. 2 


Let the white powder above mentioned be 


quickly boiled in a ſufficient quantity of aqua 


regia, until the arſenic be diſſolved, and the ſul · 
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| = appears pure. The yellow: ſolution, can + | 


tiouſly decanted, lets falls a very white powder, 


upon the addition of a ſuitable-portion of wa- 
ter; and the ſmall quantity which is taken up 
by the Her is rent 15 ans e to r 
nent. 1 ty | 
The falphur 1 now. 8 — . 
pure, yet ſtill contains a little ſilver, which could 
not cafily be ſeparated: before by the nitrous a- 
cid, on account of the arſenic : But, when the 
arſenic is taken away by the aqua regia, the re- 
maining parts: of the ſilver are taken up by the 
marine acid, entangled in ſulphureous particles. 
In order, therefore, to free the ſulphur from 
this ſalited ſilver, let cauſtic volatile alkali, di · 
luted with water, be poured on, and kept in a 
well cloſed, veſſel for ſome days, —a weight of 
the alkaline liquor equal to that of the ſulphur 
is ſufficient, The ſulphur being weighed before 
and after the operation, indicates the weight 
both of itſelf and of the ſalited ſil yer. 
If any iron be preſent, which I have ſeldom . 
Ki rk it may be diſcovered i in the liquors 
flirſt precipitated with the ſalt or RT, by means 
of phlogiſticated alkali. 
) Silver united with l da arſenic, Fe 
| copper, is generally called the white ore of fil 
ver; and is examined in the following manner : 
5 —Let 1 cwt. of the ore, reduced to powder, be 
5 gently boiled for an hour in a little More 255 d 
N N twelve 


. 


—ͤ— Toons 


5 times its ds af diluted. nitrous We : 


The dry powder grows. black and foul ; and, 
when added to the acid, ſends forth an hepatic 


ſmell, a portion of it is diſſolved, and at length 
a white reſiduum remains at the bottom: Upon 


be precipitated alone by muria, becauſe the 


marine acid attracts the copper more ſtrongly, 


A white precipitate, compoſed of ſmall aciculæ, 
is indeed thrown down; but, upon expoſure for 
ſome days to the rays of the ſun, does not grow 
black in the ſmalleſt degree; and it conſiſts of 


a peculiar combination of marine acid, filver, - 
| and copper. The ſilver, therefore, i in this caſe, 
is to be precipitated by a determined weight of 
copper; and, afterwards, the copper to be ſepa 


rated by iron or aerated alkali (F vit.); but 


the ultimate weight is to be diminiſhed by that 
of ſuch part of the dhe. gps as has entered the 5 


Let the white reſiduum be boiled in marine 


acid, and precipitated by water; thus we obtain 


the arſenic with a ſmall portion of marine acid, 


obſerved. 
The arſenic being ſeparated, the ſulphur re- 


©s a 
% oy 


| ſubſiding, if the liquor cannot be decanted clear, 
let it be filtered. This liquor contains the fl 
ver and the copper; the former of theſe cannot 


; which yet it retains obſlinately, w is ene 8 


mains alone, and muſt be proved by volatile 
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| Aal, to try whether it till contains any cop 
per or falited ſilver. | 

(8) Silver mineralized by ice, ſometimes 
alſo contains antimony: This ore often form 
capillary threads of an hoary brown colour: 
Let this be gently boiled, or rather digeſted, 
for an hour, in fix times its weight of diluted 
nitrous acid, until the filver is diffolved, and all 
the antimony reduced to a white calx, which, 
after decanting the liquor, may be ſeparated 
from the ſulphur by marine acid, and precipi- 
tated by water. The ſolution of ſilver is to be 
precipitated by muria, and 1 cwt. ſeldom CON» 
tains more than four ounces. _ | 

(r) Beſides ſulphur and antimony, there i is 
ſometimes alſo preſent copper and iron; but 
the experiment in this caſe may be conducted 
in the ſame way, only with a double proportion 

of acid. Theſe metals all remain in the liquor, 
but are eaſily ſeparated by precipitating the ſil- 
ver, by means of copper; and the iron by zinc, 
or an alkaline ſalt. 

(o) We ſometimes meet with ſilver minera- 
lized by ſulphur at the ſame time containing 
iron: But in the ore which the Germans call 
. - weiſertz, ſilver is frequently abſent, ſo that the 
ſilver which is ſometimes l I in it ſeems 
to be native, 

(u) Silver, mineralized by the marine and vi- 
trialic actds, 1s Dany known by the name 

of 


” * * 
; 4 y 5 v 1 * 
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of corneous ore of ſilver : The colour of this is 
white, green, yellow, violet, or black. 'Two 
remarkable varieties of it occur, the one may 
be cut, and is ſomewhat malleable; the other 
brittle, which, bake the add, _— contains 
ſulphur, bs Fn drag: 


Let 100 of the radi, commituteds as SN 


as poſlible, be plunged into marine acid, and 

kept for one day in a digeſting heat, ſhaking 
the mixture from time to time: Let the liquor 
be afterwards decanted clear, and the refiduum, 
previouſly well waſhed with water, be added to 
the liquor: Then let nitrated terra ponderoſa 
be gradually dropped in, until it ceaſes to oc+ 
caſion any precipitation. Suppoſe the weight 


of the precipitate, waſhed and dried, ='a; now 
vitriolated terra ponderoſa, whoſe weight is a, 
contains of acid o, 15 a, which correſponds with 
vitriolated filver 0,48 a; for from 100 of vitriol 
of filver 68,75 of metal is obtained by reduc 


tion. All the ſilver is not precipitated from 
nitrous acid by the vitriolated mineral alkali : 


The falited ſilver, therefore, will be 100 — | 


0,48 a. In the former ſalt the filyer contained 
is expreſſed by o, 33 a; in the latter by 75,19 


2, 36 a; and, therefore, the ſum required for 


the 100 will be 75, 19 — o, o3 a. Theſe, and 


the following formulæ, depend upon the mutu- 
al proportion of the principles, and the weights 


of the precipitates, which are experimentally 
F determined 


— 
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4 in the Tract on Merallic Precipi- 
tates K 

The brittle horny ore alſo contains Wu 1 
1 5 the ſaline part may be extracted by vo- 
latile alkali, and the quantity of ſilver after - 
wards determined by the maden above men- 
n a 1 Bd 


$ vi. Ore bra. 


| 92 e is afarded by mature, Alber native, 
or mineralized by ſulphur or acids. = 
| (A) When native, it - is eaſily diſtinguiſhable 
by its fluidity, and is ſeldom mixed with any 
ather metals but gold, ſilver, or biſmuth, which 
frequently exiſt native, and are very eaſily ſo- 
luble by this liquid metal; if any of theſe be 
preſent, the firſt remains at the bottom, when 
the mercury is diſſolved in nitrous acid; the 
third is indeed taken up by the ee ee IE” 
(ee) Artificial falited ſilrer may, without any conſi- 
derable loſs of the metal, be reduced in the following 
manner :—Let the maſs be mixed with an equal bulk 
of alkaline falt in a glaſs mortar, and. by means of a 
few drops of water be formed into a globule ; let this 
globule be put into a crucible, the bottom of which has 
previouſly been ſtrewed with ſal ſodz, compreſſed, and 
well covered with the ſame alkali; an heat ſufficient 
| for fuſion being then applied, the whole of the metal 
; will be recovered if the ſalited ſilver has been accurate- 
1 755 colletied. | | 
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but e pan an the ſecond is 


_ diſcovered by ſea-ſalt, which alſo precipitates at. 


the ſame time a ſalited mercury, which i is _ 
ſeparable by its greater ſolubility. x. 

(B) In cinnabar, the union between the ful- 
Phur and the metal ſeems to be more complete 
than in other mineralizations, as it cannot be 
decompoſed either by vitriolic, nitrous, or ma- 
rine acid. I have even attempted to diſunite 


them by a ſolution of cauſtic fixed alkali in wa- 


ter, and by boiling for many hours, but in vain. 
However, there are two ways of effecting a per- 
fect decompoſition; one by gently boiling for 
an hour the cinnabar with eight times its weight 
of an aqua regia, one fourth of which Pala 


-of marine acid; the other. by wann it in ma- 
rine acid, with the addition of g the 'cinna- 
bar's weight of black calx of manganeſe. In 


both caſes the menſtruum is the ſame, namely, 


a dephlogiſticated marine acid; but, in the firſt 
caſe, the acid is dephlogiſticated by the nitrous 


acid, in the latter by the calx of manganeſe; 


the former is, however, the beſt, as no hetero- 


ee, matter is ſuperadded;” 
Buy whatever method the metallic part of "= 


9 cinnabar is diſſolved, the ſeparated ſulphur may 
be collected by a filter, and the mercury pre- 


cipitated by zinc: Copper precipitates ſalited 
bp ent in a more e imperfect manner. 
24 te . "Leg" r SIVSE G2 | IF 
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If the cirinabarine ore under examination be 


very much entangled in the matrix, it muſt be 
freed from it, as much as mechanically can be 


done, by lotion; then the ſoluble parts of the 
matrix taken away by nitrous, marine, or vitrio- 
lic acid, occaſionally; and, finally, the . 


itſelf ſeparated by aqua regia. 


(ch Nee builds cy boen diſcovered 
mineralized (d) by the vitriolic and marine a- 
cids. The former may be ſeparated by the help 


of marine acid, by trituration or digeſtion. and 


the metal precipitated by nitrated terra ponde- 
roſa; but the weight of the new earthy ſalt a, 


being given, we can eaſily learn the quantity 


of metal (as before obſerved 58 v.): Vet as ni- 
trated mercury is not totally precipitated by vi- 


triolated mineral alkali, we muſt not here de · 


pend upon the weight of the precipitate. By 


another proceſs, therefore, we obtained from 
100 of vitriol of mercury 33,899 of pure metal, 
and from an equal weight of corroſive ſubli - 


mate 75,83; from whence the data of a calcula- 
tion ate eaſily deduced : For, let the quantity of 
vitriolic acid = 0,15 a; the vitriol of mercury 
containing this = 0,44 a; and the ſalited mer- 


. CY F £, 144 , Pe | © 4 > 4 ury 
i . * 
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(% Mr Woulfe was the firſt who diſcovered that 


- theſe two acids act as mineralizing ſubſtances with * 


ſpect to mercury. 
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mercury conſtitutes 0,29 a, and in * latter 
12,5 — 32 a; ſo that the whole metallic content 


in 100 = 72,5 — 03 a. But, as the ſcarcity of 


this ore has not permitted us to examine it ſuf- 


ficiently, we are ſtill ignorant whether the ſa 


lited part is to be compared with corroſive ſub 
limate or mercurius dulcis; if the latter, the 
calculation comes out 9 for, in the lat- 
ter of theſe two ſalts, the metal forms above 
0,91, and the whole content is exhibited KA the 
following formula; 91,18 + 0, 29 a — Wd, a = 
91, 18 — , 11 a. ; 


Lak 


5 vu. Ores of . 


Wböbether nature ever produces lead native is 
ſtill i in diſpute. The moſt common ore con- 
tains it mineralized by ſulphur, generally mixed 
with ſilver, ſometimes alſo with iron and anti- 
mony together. That which is commonly call- 
ed calciform lead, contains the metal united 


a 


with the aerial acid, or the acid of phoſphorus. 


— 


(4) Lead, if ever found native, may be eafily 
examined, as to purity, by means of nitrous 
acid, which diſcovers copper both by its blue 


colour and its precipitation by iron; and filver 
is betrayed by the addition of copper. 2 


_ (B) When united with ſulphur, and freed 


| from any matrix, let it be reduced to a fine 


powder 3 ; let this be. boiled i in nitrous or marine 
acid 


4 
* 


* 


4% OFTHE ART OP ASSAYING 


acid bil the ſulphur 1 obtained pure, collee⸗ 
ted on a filter, waſhed, and dried. Its purity is 
aſcertained by cauſtic fixed alkali. 

Let the ſolution: be precipitated by 5 : | | 
mineral alkali, when the lead is either alone or | 
mixed with filver ; in the former caſe, ſuppo- 
fing the weight of the precipitate = a, the weight 

of the reguline lead will be er; if the latter, 
{et the ſilver be extracted by 1 alkali, and 
the reſiduum multiplied into the conſtant co- 
efficient r will expreſs the lead. The ae- 
rated ſilver is known by the diminution of 
weight ; if this be = b, then the filver in a me- 
tallic form = %P, 


— 


I The ſolution made in marine acid, during the 
operation, . depoſits a large quantity of ſalited 


lead, which muſt be diſſolved in water drow 
the precipitation. 
If antimony be preſent, this is ſo much bs 
 phlogilticated by concentratec nitrous acid, that 
it is calcined and falls to the bottom: The gi- 
yen weight of this, multiplied by the conſtant - 
co-efficient 432, indicates the regulus in the mu - 
_ riatic ſolution; this ſpontaneouſly falls, upon 
dropping in water, which takes up the ſalited 
. Iron, 3 yet is but . bund in gale. 
% na, may thus be diſcovered :—Let the muriatię 
ſolution be firſt ſo far ſaturated with fixed alka- 
Ii that the acid * predominate only a — 


— 
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and yet all precipitation be ſolicitouſly avoided; 
This being done, the lead will be precipitated 
by a poliſhed plate of iron, added during boil. - 


ing; as alſo will the filver, which is almoſt al- 
ways preſent: Finally, let the iron be precipi- 
| tated by aerated or phlogiſticated alkali (F 1x.) ; 
and its weight corrected by the part of the me- 


' tallic plate which is Ne during the prech | 


pitation. 
If the ore contains any Wien this is either 


ſoluble, and may at firſt be ſeparated by vine- 


gar, or elſe is inſoluble in the common acids, 


andi is found collected at the bottom. 
(o) Lead, mineralized by aerial acid, 44 
deprived of all heterogeneous ſoluble mixture, 


may be diflolved in nitrous acid, and precipi- 
tated by aerated mineral alkali; which being 


done, the quantity of lead is known py: the 
weight of the precipitate, as before (3). 

But, if the matrix containing it be foluble, 
let the marine acid be employed, and the metal 
precipitated by iron, as above deſcribed. 
(p) Lead, mineralized by acid of phoſpho. 
rus, is eaſily diſtinguiſhed. 100 of this, in pow- 


der, is diſſolved in nitrous acid by means of 


heat, except a few martial particles, which ge- 


nerally remain at the bottom. The diffolved 


lead, upon the addition of vitriolic acid, i imme- 
diately forms a ſnowy white vitriol, which waſh- 
ed, collected, and dried, may be ſuppoſed to 
2114 . 9 W eig h 
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weigh a, in which caſe the correſponding lead 
is a The liquor remaining after the 


precipitation yields, by evaporation. to 7 
a a phoſphoric acid. 
The colour, both of this 7 he former ore, 


is owing to iron; generally they are green, : 


ſometimes yellow, but rarely red; they occur 


white, and ſometimes pellucid; and all affect a 


We Oe a priſmatic form. ns 


41 


en, Ore of Caper. 905 
8 beſides its metallic A 1 


variety of ſhapes : It is generally united with - 


ſulphur, and very ſeldom without iron; but 
alſo ſometimes occurs mineralized by Keri 
vitriolic, and even by marine acid. 3 

(A) Native copper readily diſſolyes in nitrous 
acid ; : if gold be preſent, it falls, untouched, to 
the bottom, in form of a black powder; if fil- 
ver, it is ſoon precipitated by copper; if i iron, 


by boiling the ſolution for ſome time, and in- 


ſpiſſating to ent. it is gradually calcined, 
ans ſeparates.  -. 

) When 1 by fulphur, . let it be 

powdered, and gently boiled to dryneſs i in five 


times its weight of- concentrated vitriolic acid ; 5 


let the reſiduum be well waſhed with water, un- 
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de ſolution: requires at leaſt à portion of 


water equal to four times the vitriol which is to 
be adapted, in ſome degree, to the goodnels of 


tte dre: That which contains 0,05 of copper 


requires about o, f of water, and ſo on. Let a 
poliſhed iron plate, about twice the weight of 
the copper, be immerſed in the ſolution proper- 
ly diluted ; let boiling be continued until no 
further precipitate is occaſioned. , If the quan- 
tity. of water be too ſmall, the. precipitated me- 
tal adheres very pertinaciouſly to the iron. plate, | 
which, by a proper- quantity, is always: com- 
pletely freed. Let the precipitated copper, well 


waſhed, be ſpeedily dried; but yet with ſuch a 


degree of heat as to make the ſurface of the 
metal of different colours, which inſtantly and Zu 
ſenſibly increaſes the weight. 

If the precipitated copper be found mixed 


| with iron, which is ſometimes the caſe, eſpe- 
cially in the examination of a poor ore, this 


muſt be again diſſolved, to obtain a richer ſo- 
lution; - which depoſits pure copper, if the ope - 
ration be conducted as above deſcribed. The 
ſame circumſtance takes place in the precipita- . 


tion of filver by copper; a rich ſolution. yields 


the metal Pos: HOI arne 


with copper. 88 
If the copper to be eee 


other 0 theſe — by 
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5 folation i in the nitrous! acid. Gold remain at. 
| the bottom, undiſſolved, in the form of a black 


powder; and filver ang 8 a copper 
. | 4 fy : * 
During this Nr the OY or a great 


part of the ſulphur, flies off by the intenſe heat 


neceſſary for evaporating the vitriolic acid to 
dryneſs ; yet its quantity may, in ſome degree, 
be judged from the ſum of the weights of the 
other ingredients, compared with the weight of 
the whole; beſides, if thought neceſſary, a ſo- 
lution in aqua regia may be 25 1 the [> ai 


| pole of collecting the ſulphurt. 


(o) Copper, mineralized by fer acid, is of 
an elegant green colour, and is commonly call. 
ed malachites ; to this alſo belongs the green 
filken ore of copper, which is of the ſame na- 
ture. Theſe ores, when pure, are totally .o 
luble in acids, and may be precipitated either 
by iron or aerated alkali. In the latter caſe, 


ſuppoſing the weight of the precipitate to be a, 


the metallic copper contained will be 755 154 2 


» 
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65 The abrious 2 was ; the ft who att 
mined the true nature of the malachites. He found 
"that it contains f of calcined copper, 4 of aerial acid, 
and about v of water. The ſame principles he diſcover- 


ed in the green ſilken ore, their proportions only being 
ſomewhat, varied. This obtains, alſo with reſpect to 


er . bt in this the aerial acid forms larger 
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II al earth be mixed, which TONES 
times happens, this may be thrown down: by 
acrated alkali, after, the nnn of the me- 


tal by phlogiſticated alkali. 


= 
* 
. 1 py 
. 
* 
4a 


Calciform blue copper conſiſts alſo of copper * 


ee. by aerial acid. Its en are 
diſcovered in the ſame way. 


Calciform red copper, or of 2b mid £1 | 


is:called by Mr Cronſtedt the glaſſy ore of cop- 
per. This alſo is totally, or for the moſt part, 
diflolved, and that with an efferveſcence, though 
ſomewhat weaker than the other; fo that it is 
doubtful whether any calciform ore of copper 
is entirely deſtitute of aerial acid. I have not 


ſeen the red pellucid ore lately diſcovered and 


deſeribed by Mr Sage. 
l have examined in many e ways the | 


red quartz, which is ſuppoſed by Mr Cronſtedt 
(4) to contain ſuch a calx. The volatile alkali | 
did not extract any copper, nor did the vitrio- 


lic acid, though abſtracted to dryneſs. | As the 


ſiliceous matrixes hardly admit the menſtrua, 1 


added a portion of the mineral fluor to the vi- 


triolic acid; for the fluor acid, when expelled, 
attacks the quartoſe particles, ſo as to ſet at li- 


f ; part of the whole, amounting nearly to T or 2 


p on the 


other hand, in the ſpecimens which have been exa- 
' mined, the erer ol the water is Are by ri Te 


_ 


0 Maeralog: i 196, 4. 2, 
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berty even the laſt portions of copper; but al- 
though this experiment always ſucceeds when 
copper is / preſent, yet, in the inſtance of this 
ore, not the ſmalleſt ſign of that metal could be 
diſcovered ; and, therefore, it is not wahout . 
| reaſon that we doubt of its preſence. > 2808 

(vp) Copper, mineralized by vitriolic acid, bs 
no other than the common blue vitriol, which 
ſometimes occurs native. The copper it con- 

tains is eaſily precipitated by iron oy the man- 
| * above deſcribed. 

() In the collection of the . of Up. 
fal, there occurs a ſpecimen of a dilute greeniſh 
red, friable, and of ſmall ſpecific gravity, which 
diſſolves with efferveſcence in nitrous acid; im- 
parting a green colour to the menſtruum. Up- 

on the addition of iron the copper is precipi- 
. tated; and upon dropping in a ſolution of fil: 
ver, a white coagulum is ſeparated, being a ge- 
nuine falited filver ; ſo that no doubt can be 
entertained of the preſence of marine acid, an 
opinion which is alſo eſtabliſhed by the via ſic · 
ca in many ways, which I here paſs over. 
| We find veſtiges of the ſame acid in the beau- 
tiful green ore of Saxony, which is cubic or 
| ſquamous, and 'has been referred to the ſpecies 
of mica or talc. I have lately, by favour of 
Mr Werner, had an opportunity of examining 
a ſpecimen interſperſed as it were with this ſub- 
ſtance. It diſſolves totally in nitrous acid, and 
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zcgufres u green colour: The copper is Wiſes. 
vered by many precipitants, as by iron, by vo- 


latile and phlogiſticated alkali; but the marine 


acid is diſcovered with far more difficulty ; yet, 
upon dropping in a folution of filver, a true 
luna cornea falls, but in ſmall quantity; there 
appears a portion of green ſcales, which did not 
| weigh one grain. The ſmallneſs of the quanti- 
ty prevented me from making any farther. = 
periment ; but "thoſe already made put it 
yond- doubt that this deſerves a place wer 
the ores of copper; it contains alſo a little clay; 
dut the quantity remains to be e 
er e on omg vue i: of | 


v. Ore be. 


ers of this 905 common of all 525 
are found almoſt every where in the mineral 


kingdom; yet the ores which contain it in con- 


ſiderable quantity preſent it either mineralized 
by ſulphur, or more or leſs calcined: It is rare- 
ly found united with vitriolic acid ; and _— | 
pe in a complete metallic form. a | 
() Mineralogiſts are not yet agreed whether 


iron be found native. Concerning that of Si- 


beria, a diſpute is ſtill carying on; and, indeed, 
it cannot be denied but that the cavities in the 
iron maſs ſhew it to have been fuſed, and as it 
were inflated by nnn yet many cir- 

cumſtances Y 
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Bo cumſtances ſeem to indicate, that, if this opera - 


tion ever took place, it was performed without 
the aſſiſtance of art. The ſtoney matter which 
filis all the cavities is of a very different nature 
from the ſcoriz produced in our furnaces. To 
paſs over its fituation, and other circumſtances, 
the iron itſelf, when cold, or moderately warm, 
is found to be very tenacious and malleable; 
but when made red hot becomes brittle, but 


_ exhibits altogether the ſame phaenomena, when 


examined by the via ficca, as forged iron; with 


marine acid it diffuſes an hepatic odour, which 


evidently ſhews the preſence of ſulphur, phlo- 


giſton, and the matter of heat, as without theſe 


no ſuch ſmell ever ariſes. It is probable that 
the matter of heat is taken from the fire by the 


metals in fuſion; yet we cannot therefore cer- 
tainly conclude, that every thing which contains 
the matter of heat has been expoſed to fire: 


And, ſuppoſing that the Siberian iron has un- 
dergone fuſion, it cannot from thence be infer- 
red, that this has been occaſioned by art. But 
this very rare mineral deſerves to be ene 
and particularly examined. | 
Ores of iron are frequently found.in 3 
fo perfe& as to be obedient to the magnet, nay, 
ſometimes are themſelves magnetic; but theſe, 


both with reſpe& to the menſtrua, and other 


properties, differ from iron eliquated by fire. 


Such i iron as * properly be called native may 


Jet 


W 


ww 
: 


Vs 


yet be brüttle; for that which is extracted arti· 
ficially, and is malleable, eafily contracts brittle. | 


neſs, but muſt with nnen e a 2 1 
ban as the forged, fl 
() The attractive ad magnetic drt, Sig 


45 do not contain much ſulphur, yet are ſel- 
dom entirely without it; but none of it could 


by extracted by menſtrua, 53g Lyon 
Such as are ſaturated with ſulphur, 1 are call. 
ed ſulphureous pyrites, as nothing but ſulphur 
is extracted from theſe; for although they ſome- 
times contain enough of the metal to pay the 


expence of eliquation, yet the metal extracted 


by its brittleneſs is rendered intractable in the. 
fire; and, expeled. i to the: pen a. ny fals 


into a ruſt. | 
(c) Iron, mineralized- by - vittiolic- acid, is 
produced daily by the ſpontaneous decompoſi- 
tion of pyrites, which is again gradually ſo de- 


phlogiſticated as at length to loſe-all conneQion 
with the acid. Theſe vitriolic reliquiz, waſhed 


away and depoſited in lower ſituations, perhaps 
generate the ores of lakes and marſhes« ' 
(op) The haematites yield a calx of iron un- 


der various forms, of an iron colour, a red, a 
black, or a yellow. Other ores alſo contain it, 


but of a lax and powdery enn ee 


mixed with other earths. 


Whether any of theſe ores contain ben na- 
mod mineralized by aerial acid in the boſom 


Vol. II. „„ de” 
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of the earth, is yet unknown.  Artificially, this 
ſubtile acid is greedily taken up; but all the 
natural calxes of iron hitherto examined ſhew 
no ſigns of it, except the white ores of iron; 
but, as theſe contain aerated manganeſe and 
calcareous earth, it is doubtful whether the 
martial particles contribute to furniſh any of 
the aerial acid extricable from theſe ores. 
() All the ores of iron, reduced to a very 
ſubtile powder, and repeatedly boiled in marine 
acid, yield up the metal. If the pyrites are 
more flowly diſſolved, the addition of a ſmall 
quantity of nitrous acid accelerates the ws e 
tion. 
The iron being extracted, "he matrix,” if in- 
ſoluble, remains. Now, in order to obtain the 
metal alone, let it be all ſeparated by phlogiſti- 
cated alkali. Suppoſe the precipitate, when 
waſhed and dried, a, then the correſponding 
quantity of metallic iron will be ; but this for. 
mula muſt be corrected coding to the quan- 
tity of the precipitant, as before obſerved (F 11.). 
That which is of itſelf ſoluble, by means of 
vitriolic acid, requires nothing but water to 80 
cipitate by phlogiſticated alkali. | | 
_ Manganeſe is frequently N with iron, 
and is diſcovered, without difficulty, by immer- 
ſing the blue ſediment (carefully weighed) in 
water ſharpened by nitrous acid, by which the 
part ariſing from the manganeſe is diſſolved, as 


we 
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we ſhall ſee hereafter (S xvn.) . Other me- 
thods of effecting this are deſcribed elſewhere 
8 Beſides this metal, there are others which 
enter the ores of iron in ſtill larger quantities, 
which, for the moſt part, render the ores uſe» 
leſs, by imparting noxious. qualities to the eli- 
quated iron. We ſhall ſpeak of zinc, &c. and 
of the manner in which enn 
ted, in ow wore RES 


5 x. Ore of Tin. 


Many teſtimonies concur in alerting chat tin 
is found native in England; but 1 ** never 
met with any ſpecimen of it. 

But the ores of tin almoſt always 3 
the ſame cryſtalline nature, although the grains 
are often found ſo ſubtilely diſperſed in diffe- 
rent matrixes as entirely to elude the ſight. 
have lately obtained a peculiar variety found in 
England, which, conſiſting of contiguous ſphae- 
rical ſtrata, and radii proceeding from a center, 
very much reſembles the brown haematites. In 
all theſe tin is preſent, ſimply calciform, and in- 
| volved in filiceous particles; and, ſo far as is 
yet known, never mineralized, either by marine 
or aerial acid, or by ſulphur. The abſence of 

8 i Mes 4 


© (7) Eſſay on the White Ores of Iron, f vir, 
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the latter i is the more extraordinary, as this oY 
neralizing ſubſtance is produced by nature in 
great quantities, and i is ee vated 5 to tin 
with great eaſe. of 6 x 
) The examination of tin 78 the "MET? 

ks: HY is attended with no difficulty ; for the 
addition of nitrous: acid quickly deprives it ſo - 
far of its phlogiſton, as to reduce it all to a 
white calx; the iron and copper, if any be pre- 
ſent, remaining in the liquor. 100 parts of 
tin, corroded by nitrous acid, waſhed and dried, 

. Yield 140 of white calx: Arſenic may be ſepa- 

rated by waſhing the calx with large quantities 
of warm water; for but little enters the acid 
menſtruum. The other metals are but _ 
united with truly native tin. 

(I) The pure ore is commonly called, ac- 
cording to the magnitude of its cryſtals, zinn- 
graufſen, or zwitter. The examination of theſe 

forms is the great difficulty of the. humid me- 

| thod, as they are not acted upon effectually ei- 
ther by vitriolic, nitrous, or marine acid, or ** 
aqua regia. 

The reaſon of this ee ae is, that the 
calx, being well dephlogiſticated, is either not 
taken up at all, or very ſparingly, and is beſides 
involved in ſtoney particles, which elude the 
action of the acids. The method by which this 
proceſs ſeems to be moſt nearly effected, is as 
follows :— 3 ” 10 
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To a very ſubtile powder of this ore, obtain- 


ed not only by levigation but elutriation, let 
there be added a quantity of concentrated vi- 
triolic acid, and let this be expoſed to ſtrong 


digeſting heat for ſeveral hours; then let there 


be poured on a ſmall portion of concentrated 


marine acid, and, upon agitating it, a vehement 


efferveſcence immediately begins with conſide - 
rable heat, ariſing from the marine acid, which 
is partly deprived of its water by the vitriolic, 
and generates a marine acid air: By this me- 
thod the forces of the two acids are conjoined. 
After the ſpace of about an hour, let water be 
added, and, upon ſubſiding, the clear liquor 
decanted. This operation is to be repeated 
with the reſiduum, until the acids can diſolve 
no more. 


What remains finally undiſſolyed, is » noting 


more than the ſtoney matrix. 

Let. the folution, precipitated by 1 means of 
aerated alkali = my and the quantity of "yy 
ſought will be 45+ | 859 

The ſubtile de 75 the cryſtalline ore, inti- 
mately mixed with any matrix, may, after due 
pulverization, be ſeparated, by waſhing from a 
given portion, as the cryſtals are nearly of + fix 
times greater ſpecific gravity than water; ſo 


that they not only exceed the earthy particles, 
but the ores of other metals, and approach even 


to the lighter metals themſelves. The cryſtal- 
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- line particles, after being ſeparated, are expoſed 
to the trial above deſcribed ; the larger diſtinct 


cryſtals can ſeldom be employed: The moſt 
common ore contains * of them very 


much diſperſed. 


The adventitious metals uſually found in ores 
of tin, are copper and iron. 
§ x1, Ores of Biſmuth. 


Biſmuth, which is the moſt ponderous of the 
ſemi- metals, occurs partly native, partly mine- 
ralized by ſulphur, and ſometimes, perhaps, 


even by the aerial acid. Some deny that this 
metal is found naturally united with ſulphur, 


but without foundation; for, although ſuch has 
not yet been found in Germany, it is undoubt- 
edly obtained in many mountains of Sweden, 


eſpecially at Ridderhyttan in Weſtmania. Cal- 


ciform biſmuth is of a white colour, but it rare- 


ly occurs; fo that it cannot yet be certainly de- 
termined whether it be mineralized by aerial 


acid or not. 
(4) Native biſmuth is eaſily taken up by ni- 


trous acid, and may then be precipitated by 


water; which done, if any other metals are 
mixed with it, they remain in the liquor, and 
may be ſeparated, as above deſcribed, in vari- 


(Bs) When 


obus places. 
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() When mineralized by ſulphur, it is de- 
compoſed by flight boiling in the ſame men- 
ſtruum ; ſo that the ſulphur may be at laſt ob- 
tained, which, when waſhed and colleQed, is to 
be examined as to its purity and quantity. 


The ſolution of the metallic part, Wa Rake 


by water, yields a white calx; let its weight 


== a, and that of the correſponding metal will 


be Lr | 
In theſe 3 iron is e 7 


found, which, after the ſeparation of the biſ- 


muth, is eaſily diſcoverable, 


(c) Calciform biſmuth, whether alone, or 


mineralized by aerial acid, alſo enters the ni. 
trous acid, and may be precipitated by water, 
upon which the heterogeneous matters remain 
in the liquor. The preſence of cobalt is diſco- 


verable ——— by its eee ab 


red colour. 


8 x11, Ores of IE 


Nickel is found, but very ſparingly, mixed 


with other matters, yet it appears under a vari- 
ety of forms; ſometimes native, or united with 


a little ſulphur, yet, at the ſame time, intimate- 
ly united with iron, cobalt, and arſenic ; fo that 


theſe adventitious metals cannot ' be ſeparated 
without much difficulty, and the iron hither- 


IN ta 
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to but imperfectly; but it occurs minerali- 
zed by the WOW, and oy by the aerial 
acid. ö 


acid, and, when precipitated by aerated alkali, 
yields a calx which almoſt always contains iron, 
arſenie, and cobalt, in the ſame proportions in 
which they generally accompany the regulus 
eliquated in the uſual way: If ſilver and biſ- 
muth happen to be alſo preſent, which yet Is 


very rarely the caſe, the former is to be preci · 


pitated by muria before the alkali is employed. 
(n) If ſulphur be preſent, it may be Ks: 
and collected during ſolution. " 
(c) Nickel, mineralized by vitriolic acid; is 
ſcarcely ever without iron; a great part of the 
martial inquinament is ſeparated by long and 


violent boiling in water. Aerated alkali throws 


down a greeniſh white precipitate: Let the 


) Ne ative ke is | lia up 6 aegis | 


% 


weight of this = a, and the common reguline 


nickel is = Y 
(5) The fame metal, ais by aerial 
acid, is diſſolved by the nitrous acid, and preci- 
pitated by means of aerated alkali. | 
A more complete account of the examination 
of this metal may be found in a preceding trea · 
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© Arſenic is breed by nature, ben TO . 
line, mineralized by ſulphur, and calciform. 
(A) If the purity of native arſenic is to be 
exalted; let it be diſſolved in four times its 
weight of aqua regia, and the ſolution flowly 
evaporated, without any ſeparation of the me- 
tal; after this, let the arſenic be precipitated by 
water, and collected upon a filter; the clear li- 
quor which paſſes through will contain the he- 
terogeneous metals: If any ſilver be preſent, it 
ſeizes the marine acid, and falls to the bottom. 
Iron is ſcarce ever entirely abſent, and is fre- 
quently in ſuch quantity that the maſs appears 
_ poliſhed, moſt commonly cryſtalline, and is vul- 
garly known by the name of miſſpickel, which 
is with juſtice conſidered as belonging to native 
arſenic, as it neither contains any ſulphur, nor 
any mineralizing acid. It muſt, indeed, be con- 
feſſed, that arſenic itſelf is nothing more than a 
peculiar acid coagulated by phlogiſton, in a 
manner fimilar to ſulphur ; but the ſame thing 
is perhaps true of all the metals; and, beſides, 
the acid of arſenic, when loaded with phlogiſ- 
ton, puts off its acid nature, and, therefore, in 
that caſe cannot be looked upon as a minerali- 
zing ſubſtance ; but if, at any time, it ſhall be 
jouns in the boſom of the earth, united in the 
manner 


— * e ee N. 
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manner of an acid menſtruum to any metal, it 
then, beyond doubt, is. to be conſidered as a 


mineralizing ſubſtance. 


(B) Let arſenic, mineralized by ſulphur, be 
diſſolved in marine acid, with the addition of 
the nitrous occaſionally, in greater or leſſer 


quantity, ſo that the ſulphur may be ſeparated 


free from all the metallic matter. The ſulphur 


collected, waſhed, and weighed, indicates the 


quantity of the arſenical part; this, however, 
ought to be precipitated - ſeparately by water, 
and weighed, a ſtep which is neceſſary where. 
ever great accuracy is required. Salited arſe- 
Nic may alſo be precipitated in its metallic form 
by zinc, the ſolution being previouſly weakened 
by ſpirit of wine. 9 51 

When ſulphur alone is united to the arſenic, 
by its different proportions it produces different 
colours, from a dilute yellow to an ititenſe red; 
but, if a conſiderable portion of iron alſo enters 


the compoſition, a white colour is generated, 


and a very different ſpecies of pyrites formed, 
which is called the arſenical pyrites : The me- 


tallic principles of this, diſſolved in marine acid, 


,or aqua regia, may be ſeparated in the 

above described. : TR.” 
(c) Calciform arſenic, which nature ſeldom - 

produces, is diſſolved and examined by means 

of marine acid, | 

In 


4% my 
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In general, concerning arſenical ores, we 


muſt guard againſt uſing too much nitrous acid, 
as by that the whole of the phlogiſton is readi- 
ly taken away, and the acid diſengaged 2. The 
ſmalleſt quantity, therefore, which is ſufficient 
for ſolution ſhould be employed, otherwiſe wa- 


ter will occaſion no precipitation; and, notwith- 


ſanding all our caution, it is ſcarce poſlible to 
prevent the diſengagement of a portion of the 
arſenical acid, eſpecially if the boiling be long 
continued; this may be recovered by evapora- 


ting to dryneſs, yet rarely alone, but occaſion- 


ally, and according to the laws of attraction, 


united either with alkaline earths, or the metals 
which are preſent (m). Some of the arſenic 


_ eaſily flies off. 


$ uv. 


() Regulus of arſenic may be very commodiouſly 
obtained in the following way, by the via ficca :— 
White arſenic, with three times its weight of black 
flux, is put into a crucible, which is covered by an- 
| other, and luted ſo cloſely, that the acceſs of external 
air is altogether prevented. This being done, the lows 
er crucible is gradually expoſed to a red heat; and, in 


the mean time, the upper crucible is protected from 


the effects of the fire by means of a copper plate; by 
this method, the inner ſurface of the upper crucible 
is covered with a poliſhed, cryſtallized, reguline cruſt, 
which may, in general, be ſeparated whole by a gentle 
concuſſion, 
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© Regu line cobalt often occurs tally deſtitute 
| doe of ſulphur and acids, that is, native, and 
only mixed with other metals; it is alſo found 
united with ſulphur, and mineralized by the 
acids ob vitriol and arſenic. Nature, moreover, 
exhibits a black calx of cobalt: It is not yet 


certainly known whether it is ever loaded with 


the aerial acid. PE. 
(4) When native, it almoſt 3 contains 
iron and arſenic, and often nickel; and hence, 
no doubt, it is that ſome authors affert! that vi- 
triolated cobalt, and the other ſalts containing 
this metal, are of a green colour; whereas they 
really are of an obſcure red, unleſs the nickel 
be in large quantity. In order to ſeparate theſe 
metals, let the mixture, diſſolved in aqua regia, 
evaporate to dryneſs, and let the cobalt be ex- 
tracted by vinegar; ſuppoſe this, precipitated 
by aerated alkali, be in weight = a, then the 


_ correſponding quantity of regulus = +23. We 


have already treated of -the nickel and a the i iron 
($ x11.); if the arſenic be ſuperabundant in 


the evaporated ſolution, it * perhaps be pro- 
cipitated by water... 


(8) Cobalt, united with ſulphur, may be 
treated in the ſame way, as it differs from the 
native cobalt only in containing a ſmall quanti- 


ty 
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ty of ſulphur, which is T0'do ſopanited and col- 
We! 59159 1 
(e) The celebrated Mr Brandt has diſcover- 
ed cobalt joined to vitriolic acid, with a large 
quantity of iron, and without any arſenic, This 
T have examined in the humid way, by ſolutiou | 
in aquamzegia. The yellow ſolution,” on account 
of abundant iron, was ſcarce red, but, by boils 
6 ing, aſſumed an obſcure green, and, upon cool- 
ing, recovered its former colour; a property 
which diſtinguiſhes cobalt. No ſulphur could 
be collected; but a few drops of ſalited terra 
5 ponderoſa, diſſolved in water, immediately diſ- 
covered the vitriolic acid. Searce ag . ee 
appeared. : 

If in this Mſbinc the vitriolle add ben pre- 
ſent in a dephlogiſticated ſtate, as appears to be 
the caſe, (unleſs we rather chooſe to ſuppoſe 
that a very few particles of ſulphur have been 
dephlogiſticated during the ſolution), yet this 
acid is not preſent in ſuch quantity as to give 
birth to a vitriolated cobalt; for the maſs is of 
a metallic nature, and, therefore, the acid 1 is to 
be conſidered only as an inquinament. 
I) be trichites of the Greeks, which is found 
in the mines of Herngrund and Idria, adhering 
to an argillaceous ſtone, is found to contain 
ſomewhat of a real cobalt, beſides the clay and 


vitriolic acid : This can be precipitated e * 
0 a phlogiſticated alkali, 
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lute, ſometimes more ſaturated; it appears now 
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(v) Cobalt frequently exhibits beautiful red 


ai of a colour ſometimes more di- 


like a looſe powder, now concrete; nay, at 
times, it forms moſt beautiful cryſtals, radia- 
ting from the ſame center in the manner of a 


ſtar. Theſe ſubſtances always ſhew ſome veſti- 


ges of arſenic ; but neither reguline nor white 
arſenic are capable of imparting the red colour 
to cobalt; this can only be effected by acids. 
Since, therefore, the. colour indicates the pre- 


ſence of an acid, it is reaſonable to conclude it 


to be the arſenical acid. The white arſenic, 
which is almoſt always adhering to the ores of 


cobalt, may perhaps be ſometimes ſo much de- 
phlogiſticated by time, that the acid, being ex- 


tricated, is in a condition to act e ace, 
tiguous particles of cobalt. | 
In order either to eſtabliſh or to overthrow | 
this ſuſpicion, I thought it proper to conſult ex- 
periments. I found an exact correſpondence 
to ſubſiſt between cobalt, artificially ſaturated 


WE acid of arſenic, and the natural red cryſ- 


tals of cobalt, except that the latter ſometimes 
contained white arſenic. The arſenicated co- 
balt is not taken up by water, unleſs. the acid 
be ſuperabundant; and this it is, perhaps, 
which prevents the ſeparation of arſenicated 
lime, upon the addition of ſalited lime to the 
ſolution; however, the event of the experiment 

| | 18 


is the ſame, whether the arſenicated cobalt em» 
ployed be natural or artificial; n evaporating 

to dryneſs, an arſenicated lime appears. 
On account of the ſcarcity of this ſubſtance, 
I inſtituted another experiment in ſmall: I ex» 
traced the pure acid of arſenic, firſt ſeparating 
it by vitriolic acid, and then abſorbing it by 
highly rectified ſpirit of wine; for this laſt does 
not take up the vitriolated . but ny the 
Ame acid. 

Natural arſenicated t is Wey foluble 
in water, unleſs the water be ſharpened by an 
acid; and, when thus diſſolved, it ſhould. be 
precipitated by aerated alkali, to diſcover the 
quantity of reguline cobalt. Cobalt, artificially 
arſenicated, and ſufficiently dried, * = 
ſame properties as the natural. 

(E) I have ſometimes examined nds more: 
or leſs compact, green or blue, which appear 
to contain a little cobalt; but in theſe ſpeci- 
mens copper abounded, more eſpecially in the 
blue, which alſo efferveſce violently in acids. 
Let the copper be firſt precipitated from the ſo- 
lution by iron, the liquor evaporated to dryneſs, 
and the cobalt diflolved by vinegar 3 if any of 
the iron adheres to the Ng, it ſeparates on 
boiling. 

(F) The black calx of cobalt is W 
found concreted into an hard maſs, known by 
the name of glaffy ore of cobalt; this, when 

pulverized, 
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© 0 e pulverized, is taken up by aqua regia, or ma- 
lo rine acid, and may be examined like the for- 
1 - mer. I have not certainly a in theſs 

1 5 e 9 acid. eee RS I 6 be 5 
5 I i | 5 | 2 bk 0 i; XV. 'Ore 1 Zin. , ben 

"tk : | F # Ve y 
3, I, * i . nil Joubt ahaha zinc abe ever und 
1 | native; it is ſeen/mineralized by ſulphur in the 


pſeudo galena; by vitriolic acid, in native white 
vitriol; and by aerial acid, in lapis calaminaris, 
g and in the other ores which are called glaſſy. 
FT () If, at any time, native reguline zinc, 
without any artificial aſſiſtance, be found, its 
purity may be eaſily examined, as it is quickly 
diſſolved in all the common mineral acids, and 
whatever heterogeneous metal is preſent may 
be precipitated by zinc. The factitious white 
vitriol ws contains any: other mel, __ 
| lead. 5 
( ) The bende + which « contains zine 
1 e by ſulphur, together with iron, 
muſt be carefully treated with nitrous acid, in 
order to extract the metallic part without inju- 
xy to the ſulphur: If no other metal than iron 
be preſent, let it be precipitated by zinc; but, 
if more, the iron muſt be calcined by repeated - 
ly abſtracting nitrous acid to dryneſs, and the 
new ſolution, made by vinegar: or Ay! other 
menu, examined, e 
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13 air is generated by the vitriolic, and 
ſtill more copiouſly by the marine acid; but as 


this elaſtic fluid conſumes a part of the — | 


1 have rather directed the employment af nitxous - 
acid with caution inthe ſolution of pſeudo galena. 
(o) Let the zinc, un united with vitriolic acid, 
be diſſolved in water, and precipitated. by an 
acrated alkali; let the weight of aerated be 4, 
and that of the reguline metal zinc is 33 


If, as is generally t the caſe, iron be preſent, 


this ſhould. be- precipitated. by. a known weight 

of eine. ee 
(v) Zinc, mineralized by aerial N18 — 

diſſolved in acids, ſhould. be precipitated either 


by aerated or phllogiſticated alkali; in the at- 


ter caſe;: or in order to determine the metallic 
part, the weight of of t the ſediment muſt be divided 


by 5. 7 | 


In Ma Treatiſe on Dep we * beleribel : 


at large how the matrix, and other heterogene: 
ous matters, are to be, ſeparated on different oc- 


caſions. ect 
A zinc, Mp by 1 * lately 1 


12 Fo 


diſcovered (n); and I hope, by favour of the 


illuſtrious diſcoverer, that it will be ſoon exa- 


mined by the humid way, as as the e 


ſubſtance wh is hitherto unkgown, 


> 


* 7) By Mr Von ein 
(e) Lt is always extremely ail to extract Ar 
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$ xvi. Ores of Antimony. 


Stibium, commonly called antimony, has as 
yet been met with only under two different 
forms, namely, native, or mineralized by fuly/ 
Phur. | 
(A) Mr Swab, in 1 748, firſt diſcovered na- 
tive antimony in a calcareous matrix at Sahl- 
derget, nor do I know that it has been found 
any where elſe; however, in in the collection of 
the Academy, there is a ſmall piece found 
ſome where out of Sweden, but where is uncer- 
tain; this is in a quartoſe matrix: So that it 
appears native antimony is found in other pla- 
ces, though rarely, and though little known in 
this country. 
The purity of the meal © wot convenient- 
Iy examined by reducing it to a calx with 
ſtrong nitrous acid; for this being done, if it 
be entirely pure, there will remain diſſolved in 
the menſtruum only a ſmall part, which ſepa- 
rates N the addition of water. | 


(e) The 
from its ** in the via ſieca. The ore roaſted with 
charcoal duſt, in the way defcribed in note (m), it is 

true, yields ſeveral particles of zinc in the upper eru- 
©  cible;- eſpecially if that crucible be perforated by an 
hole, and covered above by another, well luted on; 

but hitherto it has been found impracticable to ſublime 


more than one half of the contents of the lower cru- 
cible. 7 
— F 2 7706 1 
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(3) The metallic part of antimony, mine- 


ralized by ſulphur, is taken up by aqua regia, 
and the ſulphur remains pure. The ſolution; 


mixed with ſtrong nitrous acid, on boiling; 


depoſits a calcined antimony, which being ſepa · 

rated, the remaining liquor may be examined 

by phlogiſticated alkali, or any other means. 
Sulphurated antimony, by a certain quanti- 


ty of arſenic, grows red, frequently exhibiting. 
beautiful faſciculi of filaments radiating from a 


center. If arſenic be preſent, it is thus diſco* 
vered :—Let the powder be gently boiled in 
aqua regia until the ſulphur is obtained pure; 
the clear ſolution contains the antimony and 
arſenic, which are ſeparated in the n 


manner: — Let concentrated nitrous acid be 
poured on, and the antimony reduced to a 


white calx by boiling; let this be collected on 
a filter, and the liquor that paſſes by evapora- 
tion yields the arſenic, generally ſpoiled of phlo- 
giſton, that is, the arſenical acid. 

Beſides, as the cauſtic alkali takes 55 both 
ſulphur and antimony, this, aided by heat, may 
be advantageouſly employed, eſpecially for the 
ſeparation of filver, or other metals, which do 


not yield to this menſtruum; an hepar is indeed 


generated; but in this inſtance it dilalvet little 
or nothing · y 
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1 XVII. Ores of . 


1 he 1 diſcovered ferniipecal;" manga- 


neſe, accompanies moſt ores of iron, as has 


been before obſerved (5 111. c.). It has, how- 
ever, ores of its own, in which it predominates, 


though they are ſeldom to be found; it has no 


where yet been obſerved native, nor minerali- 


zed by ſulphur, unleſs when joined with other 
metals in larger quantities; it commonly oc- 


curs calciform, but under various forms; ge- 
nerally alone and black, ante —_— 


by aerial acid; © . : 5 


(a) Calciform a laws gemi ol. 
ſeſſes a metallic ſplendour, is partly of an earthy 
colour, black or red: The colours are no doubt 


owing to unequal portions of phlogiſton. 


Let theſe ores, reduced to a ſubtile powder, 


. be immerſed in any, but particularly a mineral 
acid, together with a ſmall piece of ſugar. It 


Is known that the calx of this metal eludes the 


force of acids, unleſs ſomewhat be added to 
ſupply the neceſſary quantity of phlogiſton. 


Let freſh acid be repeatedly poured on with 
ſugar, until no more is extracted by a digeſting 


' Heat; let the folution collected be precipitated 


by aerated alkali; let the weight of the fedi- 


ment be a, and the ga Is, We will * 
2925 Fay 
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What remains undiſſolved at the bottom ei- 
ther belongs to the matrix, or contains hetero- 
geneous mixtures. 1 
(B) Aerated manganeſe is Ek found pure 
but in the gold mine at Nagyay: When it 
forms the matrix, it is had ſcarcely mixed with 
iron; at leaſt, in a ſolution made with nitrous 
acid, the phlogiſticated alkali does not diſcover 
it. In general, the iron is in larger quantity, 
as in the white ores of iron; but theſe ores are 
to be treated as before deſcribt . 
In order to ſeparate the iron when it abounds, 
or at leaſt the greateſt part of it, let nitrous acid 
be repeatedly abſtracted to ignition from the 
ore; after which the manganeſe pure, or at 
| leaſt not much contaminated by iron, may be 
ſeparated by ſtrong concentrated vinegar, or di- 
luted nitrous acid. 

Manganeſe, precipitated from ſuperabundant 
nitrous acid, by phlogiſticated alkali, diſſolves 
totally in diſtilled water; a property which af. 

fords a method of ſeparating it from iron. 
We cannot poſitively aſſert whether manga- 
neſe, joined to marine acid, is ever found in the 
boſom of the earth; although it ſeems probable, 
on the ſuppoſition that natural waters are ſome- 
times found loaded with lalited manganeſe (). 
| G -- TDs: 


4 


bo The celebrated P. J. Bien e waters of 
this 
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Thus we have mentioned the fifteen metals 
which are known to be diſtinQ, and have point- 
ed out proceſſes by which the chief varieties of 
their ores may be examined in the humid way:; 
The greater numbers of ways by which theſe 
bodies can be examined the better; now one 
method is neceſſary, now another. But 1 have 
no doubt that multiplied experiments will dif- 
cover methods more numerous and effective 


| than thoſe propoſed in the e red., 
DISSER» 


4 about the lake Vettern. Compare Mr Scheele's 
Chemical Praeledtions, 9 15 Os. 3. 


DISSERTATION XXV. 
OF, THE 
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$1. Introdudion. 


HE tube which, from the uſes to which 

it has been applied, is called the ſolder- 

ing 2 65 or blow. pipe, is very uſeful and ne- 
ceſſary to many artificers; but our country- 
man, the celebrated metallurgiſt Andreas Swab, 
was, if I miſtake not, the firſt who applied it to 
the examination of minerals, - and that about ' 
the year 1738. This invention was afterwards 
much improved by Meſirs Cronſtedr, Rinman, 
88 


1 res 4 4 3 * . * 
9 72 ” Y * k 
N OY * - 
»* * 
- 


G e 0 8 0 may . p E . 7 1 
32 * MA 12 e 8 l 42 " * 1 . "Ne 2 4 thin 9 . * — - 4 
0 EY rid 5 r ann o rern 2 ho | 17 AA PD a 
5-4 N 45 1ud * Fa + 4 1 * * * Lake l * { oP 2 — * „ 0 _—- * ** * 4 2 
e n Werne 4 5 7 YI OC. 
. * * - x an —— — 5 * . M4 * » 4 


<< 
— ng SS. 
hy * 8 
ee 7 0 
n 7 


4 . c 
N 
F pag? Fr TRIETY 
$3 tk << 
7 * 
A — 
« EI 
2 


ay 


&'Þ OF THE BLOW-PIPB, 


upon its uſes, which was firſt publiſhed in Eng: 


| this inſtryment js ſuſceptible of further improyę- 


ſionally be joined: An handle 4 (tab. 2.), ter- 
g minating in a truncated conical apex a a, which 
may be, by twiſting, ſo adapted to the aperture 

b, as to ſhut it more cloſely than can be done 


| which 1 is commonly uſed, I make uſe of the lit- 


become parallel, and are joined round by a 


Engeſtroem, Quiſt, Gahn, and Scheele; nay, 
Mr Engeſtroem has written an expreſs treatife 


liſh, afterwards tranſlated into the Swediſh, and, 
finally, the German language. The experience 
of many years has, however, ſhewn me, that 


ment, both as to conſtruction and application: 
I ſhall therefore relate ſuch circumſtances con- | 
cerning it as may be compriſed in a brief de- 
ſcription. | 


$ u. rue of the. Iyftrument. 


That which Fuſe is formed of pure Tg 
leſt it ſhould be injured by ruſt ; a ſmall addi- 
tion of platina communicates the neceſar hard- 
neſs. 

It conſiſts of -three parts, which may occa- 


by a ſcrew. In the place of the hollow ſphere 


tle box B, formed of an elliptical plate, ſo bend- 
ed through the centre that the oppoſite ſides 


plate equal in breadth to c c: Such a box col- 
Ag the moiſture of the breath as well as the 
1 \ 


* 
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W and is beſides attended with the advan D 
tage of a compreſſed figure, and ſmaller circum- 
ference. "08" aperture (b) is ſomewhat coni- 
cal, and hollowed out of the ſolid piece, and 
has no margin turned inwards, leſt the efflux 
of the fluid, colle&ed after long blowing, or 
the cleapſing of the internal parts, ſhould be in 
any degree prevented. The tube (c) is very 
ſmall, and its ſhorter conical end (e e) exactly 
fitted to the aperture (f), ſo that no air can 
eſcape, unleſs through the orifice (g). Many _ 
6f theſe tubes ſhould be provided, with orifices 
of different diameters, to be applied « on diffe- 
rent occaſions; the orifice (s) itſelf ought to 
be ſmooth a1 circular, otherwiſe the cone of 
flame, hereafter mentioned, will be divided 
(S u.). The bands (h h, i i) prevent the co- 
nical apices (a a, e e) from being thruſt in too 
far, and alſo ſerve another . : for, when 
the conical apices (a a, e e), by repeated attri- 
tion, are at laſt ſo much diminiſhed as to fall 
out ſpontaneouſly, by filing away a little of the 
bands, they may again be made tight. The 
figure repreſents the whole apparatus of = 
Proper 8 


7% mt. M ethod f N thraagh 1 the Tube f 


Ai f 18 abſolutely ods that GEAR ſhould b 
flow through the orifice in a continued ſtream, 
FLY, ro my re 
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ſo long as the experiment continues to require 
it, this labour will fatigue the lungs too much, 
unleſs an equable and uninterrupted inſpiration 
can at the ſame time be continued. To ſucceed 
in this operation without inconvenience, ſome 
labour and practice are neceſſary. The whole 
artifice, however, conſiſts in this, that, while 
the air is inſpired through the noſtrils, that 
which is contained in the mouth be forced out 
through the tube by the compreſſion of the 
Cheeks. | 

To ſome perſons this is extremely difficult ; 
but frequent trials will eſtabliſh the habit, ſo 


that a continual ſtream of air can be ſupplied 


for a quarter of an hour and more, without any 


other inconvenience than the laſſitude of the 


lips compreſling the tube, 
8 iv. The Proper Kind of Flame, 


The from of air above mentioned i is neceſ- 
ſary for impelling the flame upon the matter 
under examination. Too great a flame does 
not eaſily yield to the blaſt; and too ſmall a 
one produces a proportionably weak effect. A 
lender candle ſhould therefore be choſen (ei- 
ther wax or tallow) (v) with a cotton wick 
(& 1), The burned top muſt be cut off at fuch 
a length that the remainder may be bent a lit- 
tle 01 m). The orifice (8) is to be held above, 
and 


AND ITS USE, e 


| and near to this arch, perpendicular to (1 m); 
and the air equably expreſſed. | 
Ihe flame being forced to one fide by the 
violence of the blaſt, exhibits two diſtin& fi» - 
gures ; the internal figure ( n), conical, wo 
and well defined ; at the apex of this (n), the 
moſt violent degree of heat is excited; the ex- 
ternal (1 o), browniſh, vague, and ka Rs | 
ed, which is ſpoiled of its phlogiſton by the 
ſurrounding . atmoſpheric air, and occaſions 
much leſs heat at its I 0 than the in- 
terior flame does. Py 


$ LY Proper Supports for the Matter under 


Examination. 


The fubltances to be examidied 1 are 8 
by two different ſuſtentacula, according to the 
diverſity of the matters under conſideration; 
the one is charcoal of beech or fir, cut into the 
form of a parallelopiped ; the other a ſilver, or 
(which is better) a golden ſpoon, fitted with a 
wooden handle. The firſt of theſe is generally 
uſed, except where phlogiſton is to be avoided, 
or the ſubje& under examination is abſorbed by 
charcoal. The golden ſpoon ſhould be much 
leſs than the figure (), as the bulk of the ſup- 
port impedes the proper heat of the matter ex- 
poſed to examination. 
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Particles that are very ſmall and light are 


eaſily carried off by the blaſt of air; to prevent 
which, a ſmall cavity ſhould be hollowed out 


in the charcoal, in which, being partly protec- 


ted by another ſmaller piece of charcoal, they 
may be expoſed to n 25 85 of a; flame. 128 


5 vi. | Proper Fluxer. TE 
h cb which are not kulible per FY are 
often fuſed and diſſolved by means of falts; I 
make uſe of three in particular, one of which 
is acid, another alkaline, and the third neutral. 
1. The phoſphoric acid, or rather the micro- 


' coſmic falt, as it is generally called, which con- 


tains that acid partly ſaturated with mineral, 
partly with volatile alkali, and loaded beſides 
with much water, and a gelatinous fat. This 
ſalt, when expoſed to the flame, boils and foams 
violently, with a continual crackling noiſe, un- 
til the water and volatile alkali have flown off; 
afterwards it is leſs agitated, ſending forth ſome- 
what like black ſcoriæ, ariſing from the burned 


gelatinous part; theſe are ſoon diſpelled, and 


exhibit a pellucid ſphærule, encompaſſed by a 
beautiful green cloud, which is occaſioned by 
the deflagration of the phoſphorus ariſing from 
the extrication of the acid by means of the in- 
flammable . e e ee 
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2 The'tleat: globule which remains, upon the 
removal of the flame, continues longer ſoft than 


that formed by borax, and, therefore, is more 
fit for the addition of the matter to be diſſolved, 
The volatile alkali is expelled by the fire; there, 


fore, an exceſs of acid ariſes in what remains, 
which eaſily attracts moiſture in a cool place. 
2. The: mineral alkali, or fal ſodæ, which, 


when fuſed upon. charcoal, -melts ſuperficially, 


with a crackling noiſe, penetrates the charcoal, 


permanent and tranſparent ſphærule, ſo long as 
it is kept fluid by the blue apex (n); but, when 
the heat is diminiſhed, puts on a milky opacity; 


hence it appears why this cannot be employed 
upon charcoal. This alkali attacks ſeveral ſub. 


ſtances, particularly ſiliceous matters. 
23. Cryſtallized borax, expoſed to the FER 
upon charcoal, at firſt becomes opaque, white, 


and wonderfully intumeſcent; it throws out 


branches, and various protuberances; but, 


when the water is expelled, it is eaſily collec- 


ted into a maſs, which, when well fuſed, yields 


a colourleſs ſphærule, which retains its tranſpa- 


rency even after cooling: If calcined borax be 


employed, the clear ſphærule is more ſpeedily 
obtained. This ſalt conſiſts of mineral alkali 


partially ſaturated with a peculiar acid, known 
by the name of ſedktive ſalt; 3 each of its prin- 
FCiples 


the ſpoon, yields a 
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eiples is ſepurately fuſible, and each diſſolves * 
8 number of other matters. 
The habits of theſe ſalts, when expoſed to 


derſtand the differences occaſioned by the diffe- 
rent additions. 85 | 


5 61 Circumſtances to be obſerved in the Exa - 
8 minen "of Bodies by the Blow-Pipe. © 


on the maſs under examination; and, when its 


Particular care muſt be taken to obſerve 
whether the matter decrepitates, ſplits, ſwells, 


ae, &c. 

The piece expoſed to the flame ſhould ſcarce- 
ly ever exceed the bulk of a grain of pepper; 
but ought never to be ſo ſmall as not to be 
taken up by the forceps (1); as, if it be too 
large, a part of it is neceſſarily without the fo- 
cus, and muſt cool both the ſupport and the 
part immerſed in the blue apex. The particles 


ed from being diſperſed by the ring (H). 
w . A 


fire, being once known, it will be eaſy to un- 


The exterior flame TI? firſt be directed u ane ll 


efficacy is well known, then the interior blue 


liquefies, boils, - vegetates, changes colour, 
ſmokes, is inflamed, becomes oily, ores. coats 


may be ſufficiently comminuted upon the ſteel 
plate (o) by the hammer (7), and are prevent - 
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A ſmall piece ſhould be added ſeparately to 
each of the fluxes, concerning which it muſt be 
obſerved, whether it diſſolves wholly, or in part 
only; whether this be effected with or without 
efferveſcence; quickly or ſlowly; whether the 
maſs be divided into a powder, or gradually 


and externally corroded; what colour the glaſs 


is tinged ; whether it be opaque or pellucid. 

Theſe general principles ſhall now be applied 
to exemplify the mineralogical and chemical 
_ W ny e 20 


8 vin. Four Claſſes f Eb. | 
ne bodied are generally daiſtributed 


into four claſſes; ſaline, earthy, nn, 


and metallic. 
The falts are diſtinguiſhed by ſolubility and - 


1 But theſe properties differ in many ways 
as to degree, and in fact form a continued ſe- 


ries with the earths; ſo that the links in the 


chain of nature can ſcarcely be e 8 


unleſs artificial limits be inſtituted; 


Many of theſe, when expoſed to the 5 


eaſily liquefy, or are diſſolved by the water of 
cryſtallization growing het; but, when this is 
expelled, ſplit, and, by a more intenſe heat, are 
really fuſed: Others are deprived of their water 
without any motion, and are only once fuſible: 
Some fly off by the heat. 


Earths 
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<- Farths I call ſuch ſubſtances as are fixed id 
the fire,. not ſapid, nor, though reduced to the 
moſt ſubtile powder, ſoluble in 1,000 times 


their weight of boiling water. Some of - theſe, 
either by having their ſurfaces, increaſed, by a 


Previous chemical diviſion, and their ſurface of 
contact thereby increaſed, or by the aſſiſtance 
of an exceſs of aerial acid, or by expoſure to 


Intenſe heat in cloſs veſſels, actually are diſſol- 


ved in water; theſe I call faline earths : But the 
reſt, which can, by no artifice hitherto known, 
be made to enter water, deſerve the name of 
earths ſimply, and z«r' d. Examined by the 


blow. pipe per ſe, they are found either refracto- 


ry or fuſible; and very few of them alone ex- 
Hibit a tranſparent - glaſs. They are diſſolved 
by the above mentioned fluxes, or at leaſt by. 
one of them; beſides, they en burn nor 
n 1834 

Moſt of the ae ſubſtances. 13 


me and yield coals loaded with an oily mat- 


er. Sulphureous bodies burn without any re- 
2 but ſome of 5 are n manifeſted 
Fug volatility, - 
The 9 excepting a Gut are Gable, 
he ignoble metals are calcined, and colour the 
e vey: 8 70 Th 323 


W 


"AND ITS USE. 
wer ? | 0 1 5 ' 


§ . Diferen Species of a 


* 
1 


. The 1 whether natural or T 
very eaſily examined by the blow- pipe. Some 
of theſe are properly called ſalts, conſiſting en- 
tirely of a ſoluble matter; ſuch are acids, alka= + 
lis, and the neutrals compoſed of theſe; but the 
others, containing a baſe not foluble per ſe, ei- 
ther earthy or metallic, (which is not ſoluble in 
water, unleſs when united with a genuine falt), 
may be called middle or analogical ſalts. | 
; $: x. Aid. | „ 
The acids which are alin fluid I paſs * 323535 
28 they elude the flame, and ſhall here only e: 8 . 
amine the concrete ſalts. | 
The acid of arſenic muſt be carefully diſtin- 25 
guiſhed from white arſenic, which contains this | 
acid indeed, but unites with ſo much phlogiſ. 
ton, that it is coagulated (a) into a fort of ful. 
phur. This acid, deprived of water, exhibits a 
dry maſs; and, expoſed in this ſtate to flame 
upon charcoal, receives from thence ſo much 
phlogiſton, as to regenerate white arſenic, and 
diffuſe a garlic odour, In the ſpoon it fuſes, 
and does not ſmoke, unleſs by the acquiſition, 
VoL. I. | Ws = + Rev of 


* 


(a) See the Treatiſe on Arſenic. 
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of phlogiſton, either from the flame or the me- 


tallic ſupport. - NP 


The acid, which exiſts molyblana 00 been 


to be the radix of ſome metal ; it is of a ſpecific 
gravity 3,461 ;. poſſeſſes the property of tinging 


fiuxes, and decompoſing nnn... — 


Is this the acid of tin? 


This acid, expoſed to the flame upon * | 
coal, is abforbed ; in the ſpoon it emits a white 
ſmoke, which, upon contact of the interior 
cone, grows of & beautiful blue; but, expoſed 
to the exterior cone, again grows white: It 
tinges microcoſmic ſalt of an elegant green; 
borax, with a ſmall quantity of it, exhibits an 


_ - aſhen colour by reflection, but by refraction a 
dark violet. No other acid tinges the fluxes, 


The acid of borax, commonly called ſedative 
falt, eaſily liquefies, and in the ſame manner, 
but with far leſs intumeſcence than borax: It 
remains fixed in a pellucid globule (5 v1.). 

The acid of tartar is not to be confounded 


with cream of tartar, which is partly ſaturated 


by the vegetable alkali (c): This liquefies upon 
the firſt contact of the exterior flame; ſoon is 


| inflated, foams, grows black, and ſends forth a 


ſmoke and blue flame, leaving a ſpongy coal, 
which ſoon leaves white aſhes of a Fe ey 


6 £ nature. 


( Mr Scheele, Ad. Stockholm, 1778. 
(e) Act. Stockholm, 1770. 
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nature. In order to obſerve theſe changes dis 
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ſlowly by the weakeſt part of the flame. 
Cryſtallized acid of ſugar is, by the exterior 


flame, firſt made of an opaque white, then flows, 


and finally, ſoon flies off, without K any 
reſiduum. 

The acid of phoſphorus occurs.in > all the. na- 
tural kingdoms; when dried, it is eaſily fuſed, 
and aſſumes the form of a pellucid globule, 


which yet attracts the mate of the et. | 


here. 


. Alkalis. | 


48 


ſtinctly, the combuſtion muſt be occaſioned 
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The cryſtallized vegetable alkali fir becomes 


opaque, and decrepitates long and violently, 


then melts into a globule which perſiſts in the 


ſorbed with a crackling noiſe. 


The mineral alkali has the ſame properties as 


the fal ſode deſcribed in $ vi. 
The volatile alkali liquefies a little, and 18 
pated, 


& X11. - Neutral Sale 


Several of 1 We "ſalts flow twice, but, 


according to their different natures, exhibit dif- 
H h 2 ferent 


- 


ſpdon, but expands on the charcoal, and is ab- 
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ferent phaenomena ; which a op _—_— _ 
ſufficiently illuſtrate. 


008 Decrepitating Salts, 


© Theſe are 1 and diſperſed by fadden 
heat. Of this ſort are vitriolated vegetable and , 
volatile alkali, falited yegetable and mineral al- 


» Polatile Salts, 


Which have a baſe totally volatile, and ge- 
nerally fly off; vitriolated, e, and falited 

volatile alkali, 

Genuine falt of amber by as exterior flame 
on the charcoal liquefies and ſmokes ; by the 
interior takes fire, and in burning diſappears 
with a blue flame. In the ſpoon the ſame hap- 
pens, except when the ſalt abounds with oil 
which almoſt always happens : In this caſe 

coally veſtiges remain. The ſpurious | 
- amber. differs according to the frauds uſed i in 
its preparation: It generally in the beginning 
ſwells, ſmokes, and grows black, then white ; 
and, finally, melts into a fixed white maſs. 


Detonating 


- abs . 


22 Salt 


Theſe falts, which wok abound with nitrous 
acid, liquefy in the ſpoon, and perſiſt even on 
the charcoal, unleſs it takes fire; for, when ig - 
nited, they immediately take fire on the contact 
of phlogiſton, ſending forth a violent flame, 
with a detonating noiſe. During this operation 
the acid is diſfipated, and the baſis, if fixed, re- 
; mains alone. If the baſe be volatile, ſcarcely 
any detonation is excited, for the ſalt | ow to- 
tally off. 

Nitrated vegetable alkali ſhews a blue flame, 
but the nitrated mineral and volatile alkali a 
yellow ore. 


Carbonaceous Salts. 


Theſe, by the combuſtion of their acid, yield 
ſpongy coals, which, when ignited, ſoon grow . ' 
white, leaving behind the alkaline baſe; ſuch 
are acid of tartar, crude tartar, ſal acetoſellæ, 

and tartarized vegetable and mineral alkali. 


Hepatiſcent Salts, *® 


Theſe expoſed to the de on the charcoal, 
flow, and yield a yellow or red maſs, which 
"__ an 8 ſmell, eſpecially when moiſ- 

3 h 3 dend 
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tened by any acid. To this claſs belong all 
thoſe fixed in the fire, containing vitriolic acid, 
Which, when faturated with the phlogiſton of 
the charcoal, generate ſulphur ; theſe are vitrio- 
lated vegetable and mineral alkali. 


$ xu. Middle Earthy Salts. 

Of the middle earthy ſalts few flow ſo per- 
fectly as to be reduced to a globule, nor do they 
ö | All fuſe actually, though the water of cryſtalli- 

| ' zation in its departure excites a foam. Thoſe 
which contain vitriolic acid efferveſce violently 
with borax and microcoſmic falt, but are | Cult 
cultly diffolved by fal ſodæ. | 
2 Decrepinanih Salts. 


. 


4p Gypſum ſpathoſum. 
Intumeſeent Salt. 


Vitriolated magneſia ſwells, foams, and, when 
repeatedly expoſed to the flame, may be fuſed. 

Alum is ſomewhat different; for, finally, all 

5 cbullition ceaſes, and the maſs remains immove- 

ably at reſt, and it unidergocs no other change 

* than to ſplit : When hot, it is variegated with 

blue ſpots. 


4 24 i 
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Acetated lime ſwells much like alum, but 
ſcarcely adheres to the charcoal. 
| Nitrated magneſia ſwells with a e 
8 = noiſe, but without any detonation, 8 

SGalited e in a v7 id belongs to 
this fi : | : 


Pyle Salts, 3 

Dana 3 | 
— AS gypſum eluded the force of fire i in 
Pott's furnace, yet it may be fuſed in a mo- 
ment, if a ſection of the lamella be expoſed to 
the blue flame: Though naturally pellucid, it 
inſtantly acquires an opacity ;——The water goes 

off without ebullition, 


Carbonaceous Salts, {ol 
Tartarized lime and magneſia ; nay, all the 
earths united with acid of tartar, ; 


Soluble in Betas and M. icrocoſmic Salt, with E. 
; | Ferveſcence, | 


| Fl magneſia, vitriolated clay, and aceta- 
ted lime. 9 


8 
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5 e s xu. Middle Metallic Salt 4 


5 ene of the middle Metalle Bis, cither con- 
| ' taining a large quantity of water, or retaining | 
pertinaciouſly the acid; flow in the fire, others 
only foam: Moſt of them recover, at leaſt part- 
ly, their metallic appearance, eſpecially when 
they touch the coal, leaving at the ſame time a 
ſhapeleſs ſcoris- By the addition of borax the + 
ſeoriæ are diffolved and the regulus better col. 
lected; but here we conſider the falts alone: 
The fluxes are tinged in the ſame way 0 by the 
metallic 1 F XX1l. XXxv. 


1 . Metallic Salts. 
Nitrated lead, tartarized antimony. 
Volatile Metallic Salts. 
To this belong the ſalts whoſe baſe is mer- 
cury, as they are diſſipated by fire; thoſe which 
| contain marine acid in general fly off more 
FEE quickly than thoſe which are loaded by any 
. other menſtruum. 1 


2 2 Metallic Salts. 


Steer, mercury, lead, and biſmuth, united | 
with nitrous acid. 5 


** rs bes 


. 
Leads; kee Metallic Salt. 
| be 
4 . firſt . fie they ſmell with 
514 | noiſe, and a certain ebullition, but then remain 
immoveable; vitriolated and nitrated copper, 
iron and cobalt vient. ee and ni : 
| trated zinc. Rees | 55 
. a 
Tao Metall Sake, 


Ko * 


Theſes ate, by the exterior n eafily — i 
ced to globules. By this method ſilver and 
lead ſalited in the ſpoon put on the horny ap- 
pearance; but by a long violent fuſion they 
again put it off, the acid being too much dimi- 
niſned: Hence it appears with what caution 
theſe metals are to be made horny 1 in Ho cru- 
.Ccible. 

"Silver and. lead vitriolated; copper and zine 


ſalited. * 


* 


eee Metallic be 


z, 


| Tartarized antimony. 


Metallic Salts tinging the Flane. 


* 
* Vittlolated cofiper; and alſo nitrated copper, 
produce a greenneſs; but ſalited copper acts 
; | WE with 


— 
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| with far more efficacy. The green ow of 
5 this firſt grow red by the exterior flame; they 
ſioon liquefy, and grow black; they make the 
flame at firſt of a deep blue, which afterwards 
verges to a green. The flame thus tinged ex- 
pands much, and remains ſo until the whole 
maſs of the falt is diſſipated ; This green falt, 
added to microcoſmic ſalt in fuſion, immediate- 


1 | f 758 ; ly ſhews a beautiful flame; the clear globule is N 
Anged green, and does not grow opaque or 
1 ſ 5 85 brown, unleſs a large quantity of the microcoſ- 
. | mic ſalt be added; a circumſtance which takes 
WE: place much ſooner upon the addition of a ſmal- 
enen pra wr I . 


- 


Fe 


8 xv. 2 es} of "EIN: 


2 : & 


aste are in general either ſimple (which I 
call primative) and incapable of decompoſition 


. or mutual tranſmutation by any means hitherto 
3 | known—of theſe five only have been as yet diſ- 
1 8 . covered whether a ſixth exiſts 1 in the diamond - 


we are ignorant. 
Thoſe are called derivative which ariſe from 
a mixture of two or more of the primatives. 
- Many of thoſe which Mr Cronſtedt thought to 
— | '/ _ be ſimple, I have diſcovered, by the humid ana- 
A ET . lyſis properly conducted, to be compound; this 
3 | is not to be objected to that great mineralogiſt, 
. Sr ar 


— 


AN DIS O83 . 


as the chemical art at his time had not inveſti- 
| gated the treaſures of the mineral kingdom. 


* : 
7 


S xvi. Habitudes of the Primitive Earths. © 
Lime. 


This (which by itſelf is infuſible) by a ſuffi 


cient degree of heat loſes its praperty of effer- 
veſcing in acids; it acquires ſolubility. in water, 
| the. power of generating heat with it, and of 
| ſuffering ſpontaneous calcination. Theſe laſt 


properties, however, it loſes, if too much urged 
by heat. The heat it generates with water may 
eaſily be tried by a drop of water on the back 
of the hand, with the addition of a ſmall piece 


of lime juſt cooled after burning. 


Crude calcareous. earth efferveſces a little 


with mineral alkali, and is divided into ſmall 


, particles but ſparingly | diflolyed ; when over- 


burned, it ſeems not to be divided or diminiſh- 
ed. | | 


In borax, the former diſſolves with efferveſ- 


cence, the latter ſcarcely generates any bubbles. 


In microcoſmic ſalt the ſame phaenomena 
appear ; but the efferveſcence is ſomewhat great · 
er. : 


It 18 allo e chat e a very wall piece 


of calcareous earth is eaſily diſſolved; in borax 


and microcoſmic ſalt, yielding ſphaerules alto- 
| Sener 


>» 
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avharimatlodd; but, if more earth be gradually 
added, the flux, at length ſaturated, retains the 
diffolved matter, indeed, while in perfect fuſion; 
but, on removing the flame, the part which was 
taken up by means of the heat alone, ſeparates ; 
from hence clouds ariſe at firſt, and the whole 
globule becomes opaque, and recovers its tranſ- 
parency again by fuſion. This is entirely cor- 
reſpondent, to what happens in the humid way: 
For warm water, ſaturated with nitre, or Glau- 
ber*s ſalt, upon cooling, is obliged to depofit 
that part which it had taken up in virtue of its 
warmth. If the fuſed pellucid globule (which 
would grow opaque upon cooling) be quickly 
plunged into melting tallow, water, or other 
fubſtance, hot, (for cold generally cracks it), ſo 
as to grow ſuddenly hard, it retains its tranſpa- 
rency, the particles being as it were fixed in that 
ſtate which is neceſſary to tranſparency. This 
is a phaenomenon highly worthy of obſervation, | 
which cannot be feen 1 in the crucible. 


Terra Ponderoſa. 


Terra =” BOY expoſed alone to the flame, 
becomes, like calcareous earth, cauſtic, ſoluble 
in water, and non-efferyeſcent in acids. 

In ſal ſodæ it efferveſces only a 19 72 but i is N 
ſenſibly OO | 


— 
* 


So ABD ITS ir "8 
ci eG 


As alſo in microcoſmic ſalt; but here it ef. 


ferveſces ſomewhat more violently. 


The phaenomena obſerved on ſaturation with 


calcareous earth, have place here alſo. 
Magneſia, ignited alone, loſes its aerial acid, 
together with the moons of efferveſcing in 
acids. | 


In ſal ſode it efferveſces a nude, but is ſearce- 


ly diminiſhed. - - 


in bon it aan with . Might fr | 


cence: 

As alſo in etal; falt, but vin a more 
violent motion. 

Clay. 


Common argillaceous earth abounds with 


heterogeneous particles, and always contains a 
conſiderable quantity of ſiliceous earth, at leaſt, 


which generally amounts to half; hence, when 
clay is required pure, as in this inſtance, the 
earth of alum, digeſted in an alkaline lixivium, 
and well waſhed, muſt be employed. 

- Expoſed to the flame it grows hard, contracts 
its bulk, but does not fuſe. 


In ſal ſodæ it effeyeſces a little, back is fa 


ringly diffolved. 


In borax it diſſolves with remarkable. 4 | 


veſcence. 4 e 
; 2602 0M 
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In microcoſmic falt a ſtull more violent ebul. 
lion takes place. 


* 


sn, Earth, 


Alone i it is not fuſed. 

Sal ſodz diſſolves it with violent ee 
cence; and, if the ſiliceous earth diſſolved ex- 
oeeds the weight of the flux, it yields a e 
gSlaſs. This, and all the other operations with 

ſal ſodæ, muſt be performed in the ſpoon. 
In borax it diflolves flowly, without any ebul. 
lition. 
In microcoſmic ſalt ar flowh, and without 
efferveſcence. . 


§ xVv1l, Derivative Earths. 


| To avoid confuſion from multiplicity, we 
ſhall colleQ theſe into claſſes, according to their 
moſt remarkable habits. 


Decrepitating. 
Spathous mineral fluor. 
Lapis ponderoſus (4). 
| Calcareous 


(d) This is the name given by Mr Cronſledt (s 209. 5 
to a foſſile, which he enumerates among the ores f 
iron, 


— 


oY: D 5 
ANDITS USE: sf | 
- Calcareous ſpar. Spathum ponderoſum. - DS | 
The decrepitation may be performed without ME 
ſcattering, in a glaſs tube cloſed oy the finger, 1 
and held over me n. E E | 
Diamond. Pure Aſbeſtos *. Refractorx | 
clay *, Hyacinth, Hydrophanous Mliceays. | 
jaſper. vis "OR" BG | 
8 Lapis ponderoſus. Do 55 r | | _ . -.—_ 
Pure mica . / 9) 
_ | —  - o 
Sapphite. Flint. Steatite . TE = 
Thoſe four marked with a * are indurated by e N 3 


iron, and which poſſeſſes a peculiar ſpecific gravity. I 
have attempted the analyſis of this mineral, and have 
diſcovered in it lime united to a, ſpecies of acid hither- 
to unknown; this acid, if I miſtake not, is the radix of 
ſome metal. There is alſo preſent a portion of iron, 
which is, indeed, but ſeldom wanting in minerals. The 
ſpecific gravity of this acid, and its habitudes with flu n- 
es, and phlogiſticated alkali, indicate its metallic naa. 
ture;—but we ſhall elſewhere treat of this matter more 1 
at large. | 
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Nl, Changing Col * - 


Bolar carths generally grow black-—Iime, 
mixed with aerated magneſia, black; lime, blace 1 


FbFened by ſubtle bitumen, white. 
Ps Of the gems ſome change or loſe colour; 

» theſe are, the cryſolith, topaz, and ſometimes 
S the ſapphire. _ 

The red and green Jaſper acquire a whitiſh 


? 


: or gray colour. 
Green, black, and red Mantis grow white. 
th = Fufible without Ebullition. | : 
| Martial aſbeſtos. Augites (aqua marina 3 ; 


Baſaltes. 
Chryſolith *. 
Mineral Fluor. 


Emerald. 3 
Spathum ponderoſum, (this corrodes the 
charcoal, and acquires an hepatic taſte). 
N Spathum e, 
Trapp. 
I᷑hhe earths td with a * do not, but with | 
: great difficulty, ſhew any ſigns of fuſion. = 
75 Fuſible 
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* Fafble with Ebullin. 
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Lithomarga. 1 „ 3 
Sehoerl (, ann 3 1 
Turmalin. The inflated ſroria quickly grows 0 

— white, though the ſtone is brown... 
 Fuſible altogether in ; Sat: Soda, and 2 5 . 8 
ER VERNE 


| Achates, SN 
Chalcedony. Cornelian, Cos Turcica *, _ „ = 
. | Mineral fluor 5. . | „ | 55 
Onyx. Opal. e 5 DALY 
Quartz, | | | 
Common flint. Spathum heres. 
Thoſe marked * efferveſce but little. 
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* Divi if ble with- or without Efferveſeence in Sal | 
Sodæ, but not N Soluble, | 


"Andenthus. Atbelits, f 
Baſaltes. | | [dna | 
Vox. II. 14 -  Chryfolith Mp 


(e) I uſe the names ſchoer ! and trapp, which are now 
known all through Europe, By baſaltes I underſtand 
larger priſms, which compoſe the Giant's n | 
Staffa, and other columnar mountains. of: 2 
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5 4 Fl , Chryſolich „ . ä 


B ; * ; 141 . ' ; 
Em | Garnet * „ Y | Wy N 


* * 4% 1 Y i 


Hornblende. 0 a 
— Bs Lapis ponileroſus., W 8 | 
_—— — Mica. Matrix of the un of r 
| Toe oo CITING Petrofilex. - 
Aluminous ſchiſt. Tegular ſchiſt of Heling. 
; Emerald. Spathum pyromachum. Steatites. 


"1 j : BE = Tale. Trapp. Trippel. Turmajin- 8 
F 1 « 


AE.” Nur fable or diviſible by Sal Sede. 


$1 We: Diamond. 

= 5 Hyacinth. 
. Ruby 
Sapphire. 
bas ana 8 


* 
1 
5 


Soluble in Boras, without Efferveſcence. 


Mineral fluor . go | 
Marga. Mica *, Ore of Tolfa. - 
Aluminous ſchiſt. TION ſchiſt of Hel- 

: | ſing *. 
3 IO ponderoſum. Schoerl. | 
| 20, Tale. ; 
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(Y The yellowiſh eryſtalline matter which fills up 
Fs the interſtices of the native Siberian iron, exhibits the 
| ſame properties with reſpect to fire as the chryſolith. 
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Talc. Turmalin. 3 
Thoſe marked * efferveſes hut lutle. 
. 
Soluble i in 1 with muri or . E ferveſence, = 
.. f | 
 Achates. Diamond. — Abbel. 
tos. 175 . e 
Baſaltes. | | 5 
Chalcedony.  Cornelian, Genn c 
tutte: 7 
Garnet. The 5 ; 
Hyacinth, - "Meant Glove jaſper. 
Lapis ponderoſus. (The flux grows: hardly 
blue; on too much cooling it e white 
and opaque). 
Lithomarga. 
Onyx. | Opal, 
Petroſfilex. 
Quartz. 
Ruby. 
3 Common flint *. Emerald. stea - 
- Spathum pyromachum. 
is Trippel. Topaz “. 
Zeolith. | 
| Thoſe marked * require a greater quantity of 
flux, and longer heat, than the reſt. 
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Soluble in Micracoſmic Salt, with more or leſs 
|  Efferveſcence. 
Baſaltes *, 
Cos turcica. 
Mineral fluor *. 
Lapis ponderoſus.—lt efferveſces at firſt, then 
ſcarcely diſſolves: The flux acquires a fine blue 
tinge, without any mixture of redneſs. The 
colour is diſcharged by the exterior flame, or 
by a ſmall quantity of nitre, but is reſtored by 
the interior flame; if the proportion of earth be 
large, it acquires a pellucid brown colour not 
diſchargeable either by nitre or the flame; if 
ſtill larger, it grows black and opaque. 
Marga. Mica . Aluminous ore of Tolfa. 
Aluminous ſchiſt. Tegular ſchiſt of Hel. 
ſing *. Schoerl. Spathum ponderoſum. 
Turmalin. 
Thoſe marked * efferveſce but little, 


Soluble in M 1550 mic Salt 5 without Efervefence 


Agate. Diamond. Wenn Aſbeſtos, 
Chalcedony *. n *. Cryſolith *, 
Granite. 


Hornblende. Hyacinth. apano fi 
liceous jaſper *. 8.3 


Lithomarga. 


Onyx. 
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b Opal 5. 0; 
Quartz *. na F 
Ruby. | 5 
- Bapphines Common fint, Emerald. Sees 
tites. 
| Spatbum oa” 7 | Cn : 
"Talc. | Topaz. . mera. . - 
Zeolith. | i 
"Thoſe marked * are more diiculty difolved 
than the reſt, and ſcarce ſenſibly. - 2 


In general it is to be obſerved, 1K, That, 
when the efferveſcence is to be examined, only 


a very ſmall piece of the matter is to be added 
to the flux, as the moſt ſubtile powder contains 
air, which, being expelled by the heat, forms 


the appearance of efferveſcence. ad, That the 
ſolution is often accelerated by lime, fpathum 


ponderoſum, gypſum, and other additaments, 
both in borax and microcoſmic ſalt. 3d, That 
gypſum alone is ſometimes an excellent and 
very uſeful flux. This ſalt, with an equal por- 


tion of fluor mineral, is eaſily reduced to a pel- 
lucid globule, which yet, upon cooling, grows 


white and opaque. The ſpathum ponderoſum 
alſo unites with mineral fluor, but the _ does 
not become „ | 
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8 XVIII. Diferen Species f hfannable Sub- 
 feances. 


<a 


The whole theory of inflammation . 
upon that ſubtile principle which goes by the 


name of phlogiſton; but this, ſo far as is yet 


known, can never be collected pure and alone, 


but always requires a ſuitable baſe, to which it 
muſt be connected, in order to become manage- 


able. Scarce any body exiſts entirely deſtitute 
of it, but a certain accumulation of it is neceſ- 
ſary for deflagration; this accumulation takes 
place in ſpirit of wine, in oils, in ſulphur, in 
zinc, arſenic, and perhaps in tin. It is alſo ne- 
ceſſary that its connection ſhall be, ſo looſe that 
the circumambient pure air may ——_ the Us. 
nion. | 
f The dry inflammable Cs which PIER 
are here to be conſidered, are of two kinds, viz.. 
either coagulated and indurated oils, which are 
commonly called bitumens, or an acid ſaturated 
with phlogiſton, ſuch as ſulphur. Some of the 


bitumens are pure, ſuch as aſphaltus, amber. 
gris, and amber; others reſiding in a copious 
earthy baſe: Hence we have mountain n 

bituminous ſchiſts, and lithanthraces. 


Vitriolic ſulphur is ſeldom found alone: It 
readily unites with other matters, © eſpecially 
metals; ; and hence reſult mineralizations, which 

I 


Y AND. ITS-USE.. | 593 


belong the more expreſaly to metals, as it is 
certain that OO are FROG: ſeldom inflemmedle.. 
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85 e Habitudel of Een. gallen . 
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"Moſt of che inlammable ſubſtances WY fe 


expoſed to the apex of the flame, begin to li- 


quefy, unleſs entangled in much earth, which 


yet does not always prevent their inflammation: 
When they are once inflamed, let the' blaſt be 
ſtopped until they have burned away, either 


alone or with a flux; and the reſiduum, if any. 


be examined afterwards by the flame. 


Ambergris burns with a white odoriferous 
and ſmoky flame; when very pure, it is totally 5 


conſumed by degrees, but, when impure, it is 
extinguiſhed, - leaving behind a black maſs, 


which ſoon grows white by ignition, and con- 


ſts partly of a calcareous powder. 


"Tranſparent amber exhibits almoſt the fame. ' 


habits; ; but by heat in the ſpoon it vaniſhes to- 
tally 3 ſo that this way we can bardly form any 
judgment concerning a reſiduum, WICH yet is 
eaſily obtained from opaque amber, ' 
Pure aſphaltus burns with a ſmoke, and is to- 
tally conſumed, without any reſiduum. 


Mountain pitch leaves black W Wil | 


and brittle, | | | 
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il Bituminous ſchiſt and lichanthraces, befides 
matrix, leave an oihy coal, or even ſpongy 
ſcoriz, if the reſiduum liquefies at all. | 

Common ſulphur readily. fuſes: alone, and 
ont red; it takes-fare, and is conſumed with 
a blue flame, and A 205 Fei TOR 
ang” odour. | abs 

Molybdzna modes; 2 mation of 6 common 
dolphur united to à peculiar (g) acid. This 
does not take fire, and upon the charcoal ſuf- 
fers little change; but, expoſed to the flame in 
the fpoon, it depoſits a white ſmoke in the di- 
reQion of the blaſt; this ſmoke, by the contact 
of the interior eone, grows blue, but loſes its 
colout by the exterior cone: It is ſearcely 
changed by borax and mitrocoſmic ſalt, but diſ- 
ſolves in fal ſodæ with violent efferveſcence; on 
fuſion it grows red and tranſparent; on cooling, 
dilutely red and ans, and has an e 
ſmell. 

Plumbago, another FAA of 4 con- 
"abs aerial acid loaded with phlogiſton (b); 
on burning it ſmokes, but the fmoke is only 
ſeen at che inſtant the flame -ceaſes. It differs 
from molybdena in this, that it depoſits no 
white powder, and particularly in not being 
taken up by ſal ſodæ; it is not een * 
rax or maicrocobituc. falt, 
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fire diſſicultly 3 ſome of them are ſcarcely chan- 
ged;. others are conſumed, or N off, n 

the metallic cals behind, 2: 
In general the fluxes are tinged by phlogic. 

ton; but, unleſs this volatile principle be fixed 
by ſome metallic A! meu er 1 
dee 1 64 905 r ; 
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dice nt diſtinguiſhable Sow: all r 
ſubſtances by their peculiar fplendour and ſu- 
perior ſpeciſic gravity : They occur in the bo- 
ſom of the earth in three different ſtates, either 

Altogether in à metallic form, in which caſe 
they are called native; or ſimply deprived of 
phlogiſton, and reſembling earthsg when they 
| are denominated (calciform ; or, finally, diflolved 
: by fulphur or acids, on which occaſion they 
1 take the appellation of mineralized: E 

theſe forms ſhall be e conſidered. | 


2 | as + 1 15 


er. Vari lun, of Metals in the Fire. 


we whdtals expoſed + to the Lame do-not all 
chew the fame habit. e e qr. 9 

fy The perfect metals 5 nc.” exencin-the moſt 

"24 intenſe heat, loſe a ſenſible mand ef their 

Sorts 5 8 
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| phlogiſton; and, when caleined in the humid 


_—_— recover an enn nature e by fue 

The 8 s are 84 by firs, 
-eſpecially by the exterior flame, and then, in 
order to being reduced, indiſpenſably 1 


the contact of a phlogiſtic ſubſtance. 


With reſpect to fuſibility, mercury Germs: one 
extreme, as it fuſes in the ordinary temperature 


of the atmoſphere, it cannot therefore be har- 


dened but by artificial cold, and is always i in fu. 
ſion, always fluid; the reſt follow in this order: 


Tin, biſmuth, lead, zinc, antimony, filver, gold, 


arſenic, cobalt, nickel, iron, manganeſe, and, 


finally, platina, which forms the other extreme, 


as it ſcarcely fuſes. but in the focus of a burn- 


ing mirror; all theſe, the two laſt excepted, 


yield to the blow pipe without any additament. 
Forged iron, indeed, is not melted without dif- 


3 but fuſed iron perfectly: 


With reſpe& to fixity, ſome fly off all alto- 


4 gether, others are 1 ng e reſolved in- 


to ſmoke. 
Metals in fuſion affect a Jobulzr Sa and, 


cherefore, eaſily roll off the charcoal, eſpecially 


if they are of the ſize of a grain of pepper; 


therefore, either ſmaller pieces ſhould be uſed, 


or they ſhould be placed in excavations made 


in the ſurface of the charcoal. On firſt fuſing 


. — poliſhed. A an appearance 
which 
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which the perfect metals always retain: But the 
imperfect are ſoon obſcured by a calcined pel- | | 
licle ; for the ſurrounding air attracts thephlo- © ö 
giſton with great avidity, eſpecially when aſſiſted | 
by heat, which yet lone is not able to eh 
that principle ; 
The colours ima mer to the else, 6 
7 bre vary. | 
Some of the MY eaſily recover. - their lint. | | 
lie form ſimply by expoſure to flame upon tje 
charcoal; others are NN in wehe "ay with. 
e and ſome not at all. 
he reduced ep g the volatile metals! im- 
medncly fly off. 
In the ſpoon” der exhibit nitrous det 
but it is very difficult to prevent them from bes. 
wg. firſt thu! 196 875 the blaſt. 


| Wit Fluxes. 2 


3 


The rats; are takens up by the fluxes ;- but, 
as fal _ yields: an em en we ne⸗ 
glect it. 

Globules of borax, upon the addition of any 
| nibeaitlo calx, diſſolve and fuſe-it, and, unleſs 
too much loaded, appear coloured and pellucid. 
A piece of metal calcined in the flux produces RR 

the ſame r but more ſlowly, : A 


* 


* * * 
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A portion of the calx generally reedvers ths , 
| 3 — form, eee Uke 
er men excreſcences. 
In proportion as the globule is mern loaded, 
it more readily ſpreads upon the charcoal, _ 
at length cannot be formed into a globule; for 
the metallic additament ze the attraRtion 
for phlogiſton. 
I The-calxes of the perfect metals ven 
by borax in the ſpoon, eee, ot 
point of contact, and there nl. 
Ihe microcoſmic. ſalt acts like Si * 
does not reduce the metals; it attacks them 
more powerfully on account of its acid nature; 
at the ſame time it preſerves the ſpherical form, 
and is conſequently adapted, in a peculiar: mane = 
ner, for the examination of metals. 
The tinge communicated to the * Gans: 
ly varies, being different in the fuſed and the 
cooled globule, and that in a double and alto- 
gether different manner; for ſome of the dif- 
ſolved calxes, while fuſed, ſhew no colour, but 
acquire one on cooling ; others, in the ſtate of 
fluidity, have a much more intenſe colour. = 
too great a concentration of colour injures che 
tranſparency, the globule, on compreſſing it 
with the forceps, or drawing it out into a thread, 
will exhibit a thin and tranſparent maſs; but, 
if the opacity ariſes from ſuperſaturation, this 
Frtifice will not ſerve, but more flux muſt be 
| — 


n 


\ a . \T.- n n . + od : , l - 
7 * . * 2 nen e by TY - ts | * T oe HONEY eee 5.4 
< 7 * * Fo WS EY 4 7 r 
- 


AND ITS USE. % 1 


added. No metal, unleſs calcined, 1 
cates a tinge. As the fluxes attract the metals 
witli undgual —_— n end 90s one 
another. 
_ Metals, mincralined by aokd 8, poſleſs the pro- 
perties of metallic ſalts ; and thoſe loaded with 6 
aerial acid that of calxes, as this ſubtile mens e 
ſtruum is caſily expelled without any efferveſs | 
cence ; but, when loaded with ſulphur, they 
poſſeſs properties of a peculiar kind. They may 
be fuſed, ,nay calcined, upon the charcoal, as 
alſo in a golden, or well gilded filver ſpoon, 55 
The volatile are diſtinguiſhable by the ſmell or „ 
ſmoke, the fixed reſidua, by the particles redu- | 
 _ ced or precipitated upon iron, or from the tinge 
of the fluxes. We ſhall now examine the more 
ſimple caſes, and treat of the more ee in 
ar work (h). 


4 a n 
8 xX u. Gull in a Reguline State. 


Reguline gold fuſes upon the charcoal, and N 
is the only one which remains unchanged. 


| That gold may be deprived of its phlogiſton rg | | | 
in the humid way, has been already ſhewn ; = 
1 (5) Sciagraphia Regni Mineralis. oy 2 | ; | 
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this calx may be reduced by fire alone (5 xi.) 
but that this calcination may alſo be effected by 


fire, is ſeen from the ruby- coloured glaſs, which 
may be N even oy ** e in the 
following way 

To a Siebel e of microodfic falt let chere be 
added a ſmall piece of ſolid gold, of gold leaf, 
of purple mineral, or (which is beſt) of the 


eryſtalline ſalt formed by a ſolution of gold in 
aqua regia in which ſea- ſalt is contained; let 
this be again fuſed, and added, while yet ſoft, 
to turpeth mineral, which immediately grows 
red on the warm contact. The fuſion being 
afterwards repeated, a vehement efferveſcence 
ariſes; when this is conſiderably diminiſhed let 
the blaſt be ſtopped for a few moments, again 


begun, and ſo continued, until almoſt all the 


bubbles diſappear. After this ſometimes the 


ſphærule, on cooling, aſſumes a ruby colour; 
but if this does not happen, let it be juſt made 
ſoft by the exterior flame, and upon hardening 


this tinge generally appears. If the proceſs 


ſhould fail at firſt, owing to minute circumſtances 


which cannot be deſcribed, it will ſucceed on 


the ſecond or third trial. The ruby-coloured 
globule, if compreſſed by the forceps while ſoft, 
often becomes blue ; by ſudden fuſion it gene- 


rally aſſumes an opal dir, which by refraction 


appears blue; by reflection, a brown red: But 


if further urged by the fire it loſes all colour, 
and 


174 ND I Ts US . a 6 oe ; 


and ene like water; yet the redneſs may be 


re· produced ſeveral wien by the berg of . 


turpeth mineral. e 


In the ſame way the dn 18 W! by: A 


of tin, in the place of the turpeth; but it has a 


yellowiſh hue, and, beſides, more eaſily contracts 
opacity, The redneſs communicated by turpeth- 
mineral is of a prope: 1 0 an wes that 


1 ruby. * 


Borax produces wi Free a vol 7 


more rarely. It muſt alſo be obſerved, that the 


ſiighteſt variation in the mana gement of the fires 


often makes this experiment fail. 25 


As the ruby colour may alſo be pen by 


copper (S xxv11.), a doubt may ariſe, whether 


it be the gold, or the remains of the copper 
(which cannot be completely ſeparated either 


by antimony or nitre) which in this caſe pro- 


duces the red colour : But it is not improbable 
that both metals may occaſion the ſame colour ; 


beſides, copper is often found to contain gold. 
Mineralized Gold. 


Gold cannot be directly united with ſulphur; 
but by means of iron, which attracts both ſtrong- 


ly, they are ſometimes found united into a gold- 

en pyrites : But as the quantity of gold is ver 

ues a \ viſible. fs can nds be extrac- 
ted 
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OF THE BLOW- PIPE, 


6s by fan and eriicaon by the Vow: 
pipe. 

[ have as yet had an opportunity of examin- 
ing the ore of Nagyay only imperfeQly: Upon 
the charcoal -it ſmokes a little, liquefies, and 
finally yields a white globule, bright like filver, 
and malleable ;—a yellow cloud is obſerved a- 
bout it. Borax takes it up without efferveſ- 
cence or tinge; but microcoſmic ſalt, with ef- 
ferveſcence, and of a browniſh-red; but by 
long fuoſin the tinge 1s diſcharged, and cannot 
be brought back, either by the exterior flame 
or nitre. A metallic ** like A 
rn flux. 885 KS 


| 5 XxxIII. Plating, 


Native grains of platina do not at all yield to 


our fire, either alone or mixed with fluxes, 


which yet it often tinges of a green colour; but 
platina, precipitated from aqua regia by vege- 
table or volatile alkali, is reduced by microcoſ- 
mic ſalt to a ſmall malleable globule ; ſeven or 
eight of theſe, flattened by the hammer, I have 
been able to bring together to a malleable maſs ; 
but more only yielded a brittle one. Platina 


| ſcarcely loſs all its iron, unleſs reduced to very 


thin fuſion ; hence it eafily appears how difficult 
the depuration of a large maſs muſt „ 
§ xxiv. 


AND ITS E. Nl 


s $x XXIV. ” Whew Reguline. 


F * Pf © 
ag” > 


"Raine aver 7 liquefies, and regte | 


| 


calcination. ; 


Silver: leaf, faſtened to a thin claſs by means 


of the breath, or a ſolution of borax, may caſily 

be fixed on it by the flame, and, what is remark- 

able, through the glaſs it appears of a gold 

colour; but care muſt my taken not to STACK 
the ee” | 


T7 (> One De. ES 


Calcined filver, precipitated from nitrous acid 
by fixed alkali, is eaſily reduced. 

The microcofmic ſalt diſſolves it quickly and 
copiouſly, but upon cooling it grows opaque, 
of a whitiſh yellow, which is alſo ſometimes the 
caſe with leaf. ſilver; if copper be preſent it is 
diſcovered by a green colour, and ſometimes by 
a ruby tinge, vnleſs we rather chuſe to impute 
that to gold. The globules can ſcarcely be got 
pellucid, except the quantity of calx be very 
ſmall, but with borax a longer fuſion is neceſla. 


ry to obtain an opacity. 
The globule loaded with Aiſſolved. Gly Mw du- 


ring fuſion in the ſpoon, covers a piece of copper ' 


added to it with filver, and becomes itſelf of a 


auen green: antimony TRY takes away 
Vs %%% % 7 DS 7455 5 the 
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the milky opacity of diſſolved luna cornea, and 
ſeparates the ſilver in diſtin& grains. Cobalt 
and moſt of the other metals, alſo precipitate 
ſilver in the ſame way as by the humid method, 
i. e. a double eleQtive attraction takes place. 


The metal to be diffolved remains untouched ſo 
long as it retains all its phlogiſton; but is ta- 


ken up when a ſufficient quantity of 'that prin- 


eiple has ney 5 the 2 "ior. nee w__ "oy 


eed it. 
| NE Ns Silver. 


Silver mineralized by marine and vitriolie 
acid, yields a natural luna cornea, which upon 
the charcoal produces a number of ſmall me- 
tallic globules: It diſſolves in microcoſmic ſalt, 
and renders it opaque ; It is reduced, at leaſt 
partially, by borax. 

Sulphurated filver (the glaſſy ore of flver) 
fuſed upon the charcoal, eaſily parts with the 
mineralizing ſubſtance ; ſo that a poliſhed glo- 


bule is often produced, which, if neceſſary, may 


be depurated by _borax ; The filyer may alſo be 
precipitated by the addition of copper, iron, or 


_ manganeſe, 


If arſenic be alſo preſent (as i in the red ore of 


ſilyer) it muſt be firſt freed from the ſulphur 


by gentle roaſting ; and finally entirely depura, 
ted by borax: It decrepitates at firſt, . Po 
| . Capper, 


AND ITS USE. gig 


Copper, together with ſulphur and arſenic, 
mixed with filver (the white ore of ſilver) yields 
a regulus containing the ſame alloy. 

Lead, loaded with ſulphur and ſilver (galena) 
is to be freed in the ſame way from the ſulphur, 
after which the lead is gradually diſſipated by 
alternately fuſing and cooling, or is ſeparated 
in a cupel from the filver, by means of flame. 
In galena I have not yet been able to precipitate - 
the ſilver diſtin&t from the lead, but the whole 
maſs becomes 'malleable : The ſame is true of 
tin, but the maſs is more brittle. 


S xxv. Mercury. 


Pure mercury upon the charcoal flies off by 
a moderate heat, the fixed heterogeneous matters 
(if any there be) remaining behind. _ 
When calcined it is eaſily reduced and diſſi- 
pated: The fluxes take it up with elferveſcence, | 
but it is ſoon all driven ofl. 
1 have never. yet had an opportunity of exa- 
mining mercury naturally mineralized by acids, 
but this is undoubtedly volatile. When loaded 
with ſulphur it liquefies upon the charcoal, 
ſhews a blue flame, ſmokes, and gradually dif. 
appears; but if cinnabar be expoſed to the blow- _ 
pipe upon poliſhed copper, the mercurial 155 | 
bules are : fixed all around. 


K K * 8 xxvi. 
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8 xXVI. toad, reguline and cakined. 


As the  imperfett aa are eaſily ed. 
we ſhall conſider lead under the two 3 vir. 
reguline and calcined. 
Lead readily fuſes, and continues for ſame 
time to retain a metallic ſplendour ; by a more 
intenſe heat it boils and ſmokes ; hence a yel- 
low circle is formed upon the charcoal. It com- 
13 maunicates a ſcarce viſible yellow colour to flun - 
| es : and when the quantity is large, the globule, 
on cooling, contracts a white opacity more or 
leſs perfect: When diſſolved it is not precipita- 
ted by copper. The metals do not precipitate 
it from ſulphur in the ſame order as from acids. 
Lead united to aerial acid, on the firſt touch 
of the flame grows red; when the heat is en- 
creaſed it flows, and is reduced to numberleſs / 
minute globules. When united with phoſ-. 
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rl phoric acid it fuſes, and yields an opaque glo- 
of bule, but is not reduced, « With fluxes it ſhews 
! dhe ſame habits as calx of lead. 
= M Mineralized Lead. 


Sulphurated lead (galena) cafily liquefies, and 
being gradually deprived of the volatile part, 
Fields a diſtin egen, ga too much load- 
| ed 


AND 178 Us E. „ 


ed with 1 iron. It may be provipliatsd by iron. 
now os | | 


1 


| 5 xX We Caper rule and caltined: 


4th wall ou of ert Aber ſolid or ſolia< 

ted, ſommetimes communicates a ruby colour 
to fluxes, eſpecially when aſſiſted by tin or 
turpeth mineral (5 XII.): If the copper be 4 
little more or a little further caleined, it pro- 
duces à green pellucid globule, the tinge of 
which grows weaker by cooling, and even ver- 
ges to a blue. By long fufion with borax on _ 
the charcoal (but hardly in the ſpoon) all the 

colour is at length deſtroyed, and can ſcarcely 

be re· produced by nitre, but this colour remains 
fixed with microcoſmic falt. If the ealx, or 
metal to be calcined, during fuſion is added in 
conſiderable quantity, upon cooling it acquires 
an opaque red, although, while fuſed, it is pel- 
_ lucid and green; by a ſtill larger quantity it 

contracts opacity, even while in fuſion, and up- 
on cooling a metalic ſplendour. Veſtiges of cop- 
per, fo faint as ſcarcely to tinge the flux, preci- 
pitate a viſible pellicle upon a piece of poliſhed 
iron added to it during ftrong fuſion, and the 
globule in its turn takes the colour of iron: In 


this way the ſmalleſt portions of copper may be : 
diſcovered. 


55 
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I The globule made green by copper, fuſed in. 
the ſpoon with a ſmall piece of tin, until the 
colour is diſcharged, yields a ſphaerule of tin, 
mixed with copper, very hard and brittle: In 
this caſe” the precipitated metal pervades the 
whole of the maſs, and does not adhere to rn 5 
ſurface. 

Cobalt . the "mk of copper, al. 
8 ird in the ſpoon by flux, in a metallic form, 
and imparts its own colour to glaſs, which nio- 
kel cannot do. Zinc allo. precipitates it ſepa - 
rately, and rarely upon its own ſurface, as its 

fuſion can ee be avoided, 


Mineralized Copper: ; 


Copper loaded with aerial acid, at the firſt 
touch of the flame grows black, and fuſes in 
the ſpoon: On the charcoal the lower part, 
which touches the ignited ſupport, is reduced. 
| When loaded with a ſuperabundance of ma- 
rine acid it tinges the flame ($ XIV.) ; but 
with a ſmall quantity it ſhews in that way no 
appearance of the metal. Thus the beautiful 
cryſtals of Saxony, which are cubic, and of a 
deep green, do not tinge the flame; they im- 
part to microcoſmic falt a pellucid greenneſs. 
I could not obtain with that ſalt an opaque red- 
neſs, although this colour is eaſily produced in 
a oo of borax. 


Copper 


E AN DURSTSE 7) gage; 


Copper ſimply ſulphurated, (aſnen ore of 
copper) when cautiouſly-and gently roaſted by 
the exterior flame, finally by fuſion, yields a re- 
gulus: ſurrounded by a ſulphurated cruſt; the 
maſs, roaſted with borax, n. the n 5 
more quickly. 8 

When iron is ee bu in finall analy; 


the piece to be examined muſt: be firſt roaſted; 


let it then he diſſolved in borax, and tin added 
to precipitate the copper. The regulus may 


alſo be obtained by ſufficient calcination and 


fuſion, even without a mn wel ns 
ore be very poor. | 
When pyrites contain copper, aig leſs 
than o, oi of their weight, yet its preſence may 
be detected by theſe experiments in ſmall: Let 
a grain, the ſize of a flax ſeed, be roaſted, but 
not ſo much as to expel all the ſulphur; let it 
be then well diſſolved by borax, a poliſhed rod 


of iron added, and the fuſion continued until 


the ſurface, when cooled, loſes all ſplendour. 
So much borax is required as will be ſufficient 
to make the whole of the ſize of a grain of 
hemp-ſeed. Slowneſs of fuſion is injurious, and 


by too great tenuity the precipitation is retard- 


% 


ed; this may be corrected by the addition of a 
little lime: Too much calcination is inconve- 
nient ; for, by this the globule forms flowly, is 


ſomewhat ſpread, becomes knotty when warm; 


corrodes the charcoal, deſtroys the iron, and the 
copper 
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copper does not precipitate diſtinctly; hi de- 
ſect is amended by e eee nn 
ore. 

When the e is wit ans as WY 
rafter; immediately upon ſtopping the flame 
let it be thrown into cold water, in order to 
break ſuddenly : If the cupreous content be leſs 
than o, oi, one end of the wire only is covered 
with copper, which: 2 zen ns: ry 
covered. 6 

The celebrated Gahn, . . . 
copper ores with peculiar accuracy, has another 
method of diſcovering the ſmaller traces of that 
metal; namely, a grain of the ore, well freed 
from ſulphur by calcination, is expoſed to the 
action of the flame, driven ſuddenly upon it, 
per vicer; and at theſe inſtants a cupreous ſplen- 
dour appears upon the ſurface, which otherwiſe 
is black; and this ſplendour is the more quick- 
y produced, in proportion as the ore is poorer. 
Cupreous pyrites, on roaſting, tinges the flame 
W „ = net 


* * 


8 xxvIII. ren, reguline and calcined. 


<# 


Forged iron is elitr, but can early be 
fuſed, and when fuſed liquefies, «HAT; 


Forged iron cannot be fuſed by borax; it 
fuſes in microcoſmic ſalt, but is rendered brit- 
ule. "3 8 1 a 5 5 | 


Calcined 


' 


7 AND ITS USE.” 328 
Calcined iron, by heating on the charcoal, | 


becomes magnetic in the ſpoon it fuſes, - 
The fluxes grow green with this metal; but 


in proportion as the phlogiſton is more deficient 


they grow more of a browniſh yellow: On 


cooling, the tinge is much weakened; nay, 


when originally weak, entirely vaniſhes, By 
too much ſaturation 0 e Moen black 


and opaqu. e 75 
Ihe ſulphureous — may be collected * 
to a globule by fuſion, and is firſt ſurrounded 
by a blue flame; but as the metal is eaſily cal. 


eined, and changes into black ſeorize, neither 
by itſelf, nor with fluxes, does it exhibit a _ 
Jus ; hs Es it ANY wort 


ww 


XXIX, Tin, regulin and 3 calined.. 


Tin eaſily nee and i is — | 
The fluxes diſſolve the calx ſparingly ; and 
when ſaturated, contract a milky pi 


Some flight veſtiges of this metal, diſſolved in 
5 any dees, W be N aeg er i 
i iron. 7 : 4 2 | | 
Cryſtallized ore gf tin, urged by fire upon 


r charcoal, yh its metal reduced. 8 52 


7571.00 
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© Biſmuth, W *R wha gg as lead; 
1 the calx is reduced ww, dats it Wales in 
1 the ſpoon. 1 
3 $2. Ihe calx, diflolved i in 1 galt, vields b 
a browniſh yellow globule, which grows more 
pale upon cooling, at the ſame time loſing ſome 
of its tranſparency 2. * too aneh. . 4 perfect 
opacity is produce. * 
A ſimilar maſs/is obtained arp pon 
ſpoon ; but on the coal a gray one, which can 
ſcarcely be freed from bubbles. On fuſion, the 
glaſs ſmokes, and forms a cloud about it. 
Biſmuth is eaſily precipitated by copper and 
iron. 


I 


- 


M ineralized Bi aße. 


he Þiſinuth i. is eally fuſed, "exhibir | 
ing a blue flame and a ſulphureous ſmell. Co- 
balt, when added, by means of the ſulphur, en- 
ters che globule; but the ſcoria ſoon ſwells into 
diſtinct partitions, which, further urged by fire, 
exſudes globules. of biſmuth. | 
| Sulphurated biſmuth, by the addition of bo⸗ | 
rax, may be diſtinQly run by iron or 
manganeſe. | ; 


9 AS 


5 ns. 


AND Canes * 
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2 8 xxxl. mate, requine and babe 5 


The une of wicket fuſed i is dend cel · 
nnd; but more flowly than other metals. 
The calx imparts to- fluxes an hyacinthine 
colour, which on cooling grows yellow, and by 
long continued fire may be deſtroyed; if the 
calx of nickel is contaminated by ochre of iron, 
the latter is firſt diſſolved. Nickel diſſolved is 
precipitated on iron, nay on copper —an evident 
proof that it does not a from either of 
G 87 8 


* ineralized . chal. 


f Sulpharited: nickel is no where found with." 
out iron and arſenic : The regulus is obtained 
by roaſting, and fuſing with borax, though it 
ſtill remains mixed with ſome other metals. + 


S xxxN. 1 Arſenic, reguline and calcined. 


Regulus of arſenic kindles by a ſudden heat, 
and not only depoſits a white ſmoke on the 
charcoal, but diffuſes the ſame copiouſly all 
around. The calx ſmokes with a garlic odour, 
but cannot burn. 

By a proper quantity ths Huh grow yellow” 
without opacity ; and by a long continued fire 

| 3 
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the volatile additament is diſpelled. Iron and 
copper precipitate this ſemi-metal under a me- 
tallic form, which gold is not able to do. 
Fellow arſenic liquefies, ſmokes, and totally 
flies off: When heated by the exterior flame, 
ſo as neither to liquefy nor ſmoke; it-grows red, 
and again, upon cooling, yellow; if it only be- 
gins to fuſe, it acquires a red colour, which re- 
mains after cooling. Realgar 3 more 
eaſily, and is befides totally Gated, 


85 XXXIII. Cobalt regulins and oY 8 


The regulus of cobalt fuſes, and may "OY 
be depurated by borax, for the iron is firſt cal- 
cined and taken up. The ſmalleſt portion of 
the calx tinges the flux of a deep blue, which 
yet, when ſeen by, refraction, appears violet: 
This colour is very pertinacious in the fire. 

Cobalt is precipitated upon iron from the blue 
globule, but not upon copper. 

When calx of iron is mixed with that of co- 
balt 1 in a Dus, the former is diffolved. ; 


** 22 Cabal 


. 
"\ 


© Cobalt, in 8 1 5 up who; one third 
of its own weight of ſulphur, but then aſſumes 
ſo refractory a Anme, that it can ſcarcely be 
fuſed. 


AND ITS USE. 3 
id, Iron; copper, and ſeveral aha , 


precipitate cobalt. 


The common ore, by roaſting and folio; 
yields a regulus, though an impure one. 
The green cobalt, which I have hitherto ex- 


amined, tinges the microcoſmic ſalt indeed of a 


blue, but at the we time ſhews red oy; . 
ing ee 


$ XXXIV- . reguline on calcined. 


* Fuſed zinc takes fire, ſending forth a 8 


nous white calx, which ſoon extinguiſhes the 


beautiful bluiſh green flame; but if the regu- 
line nucleus, included in this lanuginous mat- 


ter, be urged by the fire, it is inflamed now and 
then, but flies about, and as it were explodes. 
When added to borax, it excites a ſpumeſ- 


cence, and at firſt tinges the flame; it conti- 


nually diminiſhes, and the flux ſpreads. upon 
the charcoal: But in fuſed microcoſmic ſalt it 
not only occaſions ſpumeſcence, but ſends forth 
ſeveral flaſhes, with a crackling noiſe. By too 


great heat it explodes, ann forth ignited 


particles. 


The white calx, expoſed to the flame on the 
charcoal, puts on a yellowiſh ſplendour, which, 


when the flame ceaſes, vaniſhes—it remains fix- 
ed and refractory. The fluxes are ſcarcely tin- 


*** but when ſaturated by fuſion, on —_ 
grow 


G 
9 
| 
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grow opaque and white. Around the globulei 
clouds appear, which are of a nature Amin to 
that of the metallic calx. 80 
Difſſolved Zinc is not nen bit we other 
metal. 
That zinc n contains voids acid 32 the 
Sie properties as calcined zinc. © *' 
In the pſeudo galenæ ſulphur is wieſeni by 
means of iron. Theſe in general (upon the 
charcoal) ſmell of ſulphur, fuſe, and tinge the 
flame more or leſs, depoſiting a cloud all a- 
round. The fluxes diflolve ; thoſe which have 
no matrix are tinged by thoſe which contain 
iron, and by ſaturation acquire a white opacity, 
which verges to brown or black, am to 
the e wa, compoſition. 


5 xxxv. Antimony, reguline and calcined. 


Regulus of antimony, fuſed, and ignited up- 
on the charcoal, affords a beautiful object; for, 
if the blaſt of air be ſuddenly ſtopped, a white 
ſmoke riſes copiouſly and perpendicularly, while, 
in the mean time, the inferior part round the 
globule is condenſed into cryſtalline ſpiculæ, 
analogous to thoſe which are commonly called 
„ flowers. 6 

- The calx tinges fluxes of an hyacinthine co- 
ng but on won Wee and is eaſily diſſi- 
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AND ITS USE.” 08> 
1 3 on the eee, yet it alſo 5 


there depoſits a cloud. _ 
The diſſolved metal may be. precipitned by 
inen 155 e but not 1 See wo 


11 ineralzed ae 


[a >þ 
de 


. thn liqueſies: upon the „ | 
ſpreads, ſmokes, penetrates it, and in concluſion 
gz totally, e a — which; it lange | 
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8 xxxVI. 1 verge, reguine and calined. 


The W of manganeſe 9 yields to 
the flame; for a ſmall particle is eaſily calcined, 


and a large one cannot be made ſufficiently hot. 
The black calx imparts a bluiſh red colour 
to the fluxes; the tinge of borax, unleſs well 
ſaturated, is more yellow. The colour. may-be 


gradually altogether deſtroyed by the interior 


flame, and again re-produced by a ſmall' par- 
ticle of nitre, or the exterior flame alone ; theſe 
changes may be alternated ad libitum.—The 
cauſe of this is elſewhere explained. x5 

When loaded with aerial acid it is of a white 
colour, which, by ignition, is ſoon changed to 
a black. —In other reſpects this ſhews the ſame 
en as _ black calx, 
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. XXXVII. cui, 


fy iP 


they require furnaces, and a large apparatus of 
veſſels ;—yet many of theſe may eaſily be per- 


ſeribed: ad, From the want of time neceſſary 
for examining in the ordinary way ;—whereas 
the experiments above mentioned may be finiſh- 


examination requires a certain quantity of the 
matter to be examined, which prevents the ex- 
amination of ſuch as are ſcarce or dear but 
in our way the ſmalleſt particle is ſufficient, 
However, the conveniencies now deſcribed, 
though of great weight, are attended with this 
EEE defect, that they do not determine the propor- 
5 tions, or at leaſt point them out but very inac- 
| curately, and therefore are not to be preferred 

to the larger trials, unleſs. when time or other 
circumſtances prevent them. But the firſt in- 
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ef not how much. And I have learned, by the 
experience of many years, that theſe trials in 

ſmall ſuggeſt the proper method of inſtituting 
experiments at large. Theſe experiments have 

. | To. beſid! es 


Mow hat bis been ſaid I think it W - 
that the blow. pipe is an inſtrument extremely 


_ uſeful, nay neceſſary, to chemiſts ;\ for many 
experiments are daily neglected, itt, Becauſe 


formed by means of the apparatus above de- 


ed in a few minutes: 3d, The uſual method of 


quiry to be made is, what a ſubſtance contains, 


* 


AND ITS USE. +— 0h 
beides ſome advantages over thoſe conducted 
in crucibles, viz. we can ſee all the phaenome- 
na from beginning to end, which wonderfully TY 
illuſtrates the ſeries of operations, and their  __ * | 
Cauſes (5 XII. xxXx,—xxxv.). Experiment? 
made in crucibles are often n as the 
- ſubſtance of the veſſel itſelf is corroded. We 
ſuppoſe that lime or magneſia, melted with fix- 
ed alkali, are united with it in the way of ſolu - 
tion; but the globule, when well fuſed in __ 
| ſpoon, by its tranſparency permits us plainly to 4 
ſee, that, except the filiceous part, it is only xf 
mechanically mixed ($ XVI.). The moſt intenſe ; „„ 
degree of heat may in this way be obtained in a 4 
few minutes, which is ſcarcely obtained in many 5 
hours in a crucible (F XIII. xxIII.). 
This may be ſufficient for the commendation 
of the blow;pipe ;—thoſe who uſe it will gra- N 
dually diſcover more of its valuable properties.. 
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